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HOURLY TRANSPIRATION RATE ON CLEAR DAYS A^ 
DETERMINED BY CYCLIC ENVIRONMENTAL FACTORS j 
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Shantz, Plant Physiologist, Alkali and Drought Resistant Plant Investigate)^ 
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INTRODUCTION 

The great differences exhibited by various plants in water require • 
meiit — ^i. c., in the water transpired in the production of a unit of dr 
matter — are of profound economic importance in the agricultural devq 
opment of regions of limited rainfall, and an understanding of wF 
gives rise to the gre»4e^ wbirh some plants possess in the^y 


of water is highly daiir 
adapted to dry-laiid » 
undertake a series of t 
mining, so far as pOM|0t 
factors on the transp!ra. 
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tm&Skig of plant sttf 
n ims led the writers 
ita ’’rtth a view to det 
‘^rious environmern 
To this end simultaneo 


automatic records have been obtained of the so^ttt^radiation intetisit 
the depression of the wet-bulb thennometer, the air temperature, t! 
"wind velocity, and the evaporation from a free-water surface. T 
present paper deals with the transpiration response of plants to thi 
factors on clear days. 

DESCRIPTION OF APPARATUS AND METHODS 
MEASUREMENT OP TRANSPIRATION 

The transpiration measurements described in this paper were carri^ 
out at Akron, Colo., in 1912, 1913, and 1914 (PI. LIU). Transpiratk 1 
was determined by weighing, four large automatic platform scales of 
type already described (Briggs and Shantz, 1915)* being used in thc| 
measurements. The plants employed were those used in the vrati " 


^ The writers desire to express their indebtedness to the folUiwins men for efficient and trains 
Assistance in conneciioit with data presented in this paper: Messrs, P. A. Ca|ori, R. P. Ronds, A. Ma 
K lfd, R. L. Picmeiscl, P. N Peter, H. W. Markward, G. Crawford, and H Marlin. | 
dtalicitts in parentheses refer to ** literature rited, * ’ p- 648-649 . 'J 
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requirement investigations, and were grown in the sealed pots already 
described (Briggs and Shantz, 1913, p. 9), which practically eliminate the 
direct loss of water from the soil. The pots contained about 115 kgm. 
of soil and were sufficiently large to enable the plants to make a normal 
growth, a factor of importance in transpiration measurements (PI. TV, 
figs. 1-2). Apart of the transpiration measurements were made within 
the screened inclosure (PI. IJV, fig. i) used in the water-re(]ui remen t 
experiments to protect the plants from hail and wind storms. Other 
measurements were made outside the inclosure where the plants were 
freely exposed, with no protection whatever (PI. LIV, fig. 2). 

MEASUREMlSNT OE PHYSICAL FACTORS 

Solar radiation. — ^The solar-radiation measurements were made 
automatically with a mechanical diffcrential-telethermograph already 
described by one of the writers (Briggs, 1913). The instrunieiit has two 
independent cylindrical bulbs and records only the difference in tempera- 
ture of the two bulbs. When used for measuring radiation intensity, 
one bulb is blackened and surrounded by a spherical glass envelope 
(PI. LIII). This is so exposed to the sun that the longer diameter of the 
bulb is normal to the sun’s rays at midday. This bulb rises in tempera- 
ture until the rate at which energy is lost is equal to the rate at which it 
is received. The other bulb follows the temperature of the air within 
the instrument shelter, through which the wind blows freely. The 
instrument was calibrated by comparison with an Abbot silver-disk 
pyrheliometer (Abbot, 1 91 1 ) . Such comparison shows that the difference 
in temperature, as measured by the telcthermograph, is very nearly pro- 
portional to the intensity of the solar radiation falling on a blackened 
surface normal to the ray, as measured by the pyrheliometer. In other 
words, the scale is linear and the loss of energy conforms to Newton’s law 
of cooling. While the teletheimograph includes the sky radiation as well, 
apparatus can be calibrated in tenns of the solar radiation on bright 
days, since on clear days the ratio of sun to sky radiation appears to be 
fairly constant and the latter at the elevation of Akron (4,200 feet) is small 
compared with the direct radiation from the sun. A comparison of the 
telethermograph with the pyrheliometer, when the fonner is used for 
measuring radiation, is given in figure i. 

The radiation data given in this paper are expressed in terms of differ- 
ential temperatures and the mean values are converted to calories per 
square centimeter per minute on a surface normal to the sun’s rays.* The 
radiation is integrated for hourly periods so that zero radiation is not 
recorded until the hour following the hour interval during which the sun 
set, or preceding the hour interval during wliich the sun rose. 

* The maufiiification of the diHerential sunshine instruments was not the same in 1913 and To 

convert to dalories per square centimeter per minute multiply the differential temperatures ui the tgia 
observations by 0.0335; and in the 1914 observations by 0.028. In the 1914 observations the instruments 
were so adjusted as to give differential temperatures in degrees Fahrenheit. 
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Wet>I3Ulb depression. — ^The measurement of the depression of the 
wet bulb was automatically carried on by means of a second differential 
tele thermograph. One bulb was surrounded by muslin which was kept 
continuously saturated with water by means of a slowly-dripping Mariotle 
apparatus. In these measurements both bulbs were inside the instru- 
ment shelter and protected from solar radiation. The apparatus thus 
measured the depression of the wet bulb corresponding to the ventilation 
alTordcd by the wind through the shelter, which was similar to that to 
which the plants were subjected. 

Evaporation. — In measuring the evaporation a shallow copper tank 
91.3 cm. (3 feet) in diameter and 2.5 cm. deep was used, being mounted 
on the platform of an automatic scale of the type used in the transpiration 
measurements. The tank was clamped to a heavy, flat, wooden base. 



Pig 1 — Curve showing the comparison of the readmes of the differcnnal telcLhcrmograph with tho:>e of 

Abbot's bilvcr-disk pyrheliomctcr. 


which was supported on leveling legs about 3 feet above the scale plat- 
form (PI. LV, flg. 3). The inside of the tank was blackened with a 
mixture of lampblack in bronzing liquid.^’ The depth of the water in 
the tank w^as maintained at approximately i cm. by means of a Mariotte 
apparatus supported from the scale platform and located on the north 
side of the tank, so that its shadow did not fall on the tank. 

Air temperature. — The air temperature was measured by a thermo- 
graph calibrated with mercurial thermometers and exposed in a standard 
shelter of the Weather Bureau pattern. 

Wind veeocitv. — The wind velocity was measured automatically by 
an anemometer of the Weather Bureau pattern, located 3 feet above the 
ground. In the 1914 measurements these measurements were supple- 
mented by a special instrument recording each one-twentieth of a mile. 

TRANSPIRATION RATE ON CLEAR DAWS IN RfvLATION TO PHYSICAL 

FACTORS 

The transpiration graph for a single pot of plants for a single day 
usually shows slight irregularities. In order, therefore, to defeiniine 
whether such departures are normal or accidental, it is necessary to combine 
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the transpiration graphs for a number of clear days sufficient to eliminate 
or minimize the accidental features. In the same manner a composite 
graph for the corresponding days can be prepared for each of the cyclic 
environmental factors — radiation, temperature, and wet-bulb depression. 
The evaporation data have also been combined in the same way. This 
procedure is not adapted to factors which are essentially noncyclic in 
character. Wind velocity, for example, is essentially cyclic in some 
regions and noncyclic in others. While the wind at Akron gives evidence 
of a daily periodicity, the cyclic character is not sufficiently developed to 
give the composite graph much weight. The discussion is not, however, 
limited to the composite values, the hourly values of the transpiration 
and of each environmental factor being given in the tables for each day 
considered. 

WHEAT 

The data obtained for the transpiration of wheat {Trificum spp.) on 
clear days in 1912 are given in Table I, and the environmental data for 
the corresponding period, including solar radiation, air temperature, 
and wind velocity in Tatdes II, III, and IV, respectively. 




TablS I . — Transpiration raU (in grams per hour) of uheat, at Akron, Colo., during June and July, igi2 
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Hourly Transpiration Rate on Clear Days 
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Kubanka 
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Do 
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Do 

Do . . 

Do 
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Table III . — Hourly temperatures [in degrees Fahrenheit) during uheat transpiration period, at Akron, Colo., during June and July, IQ12 


Jan. 3, 1916 


Hourly T ranspiration Rate on Clear Days 
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Hourly Transpiration Rate on Clear Days 
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The mean values are plotted in figure 2. It should be recalled that 
all transpiration measurements in 1912 were made in the hail-screen 
inclosure (PI. LIV, fig. i). The radiation measurements were likewise 
made under this screen, which reduced the radiation about 20 per cent 
(Briggs and Shantz, 1914, p. 3). It should also be borne in mind that 
during the year of 1912 the solar radiation outside the inclosure was 
about 20 per cent lower than normal (Briggs and Shantz, 1914, p. 54). 

The mean solar radiation shown in the first curve of figure 2 is relatively 
symmetrical, as would be expected if clear or only slightly cloudy days 



Fig. a.— Composite transpiration erapli of wheat and environmental graphs for corresix)nding period. 


are chosen. The maximum radiation is reached at 12 o’clock, noon, 
and amounts at that time to only 0.80 calorics per .square centimeter 
per minute. The gradient is steep during the early morning and late 
afternoon, but there is little change in the radiation intensity during the 
midday hours. 

The second graph in figure 2 gives the hourly air temperature in degrees 
Fahrenheit. The temperature reaches its minimum, 55° F., between 4 
and 5 a. m., and its maximum, 86° F., between 2 and 3 in the afternoon. 
The average temperature from noon to midnight is mucli higher than 
from midnight to noon. 

The transpiration is recorded in grams per hour. It wall be seen from 
the graph in figure 3 that the transpiration during the night is almost 
negligible. A marked increase is recorded at 6 o’clock in the morning. 
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The maximum of 238 gm. per hour is reached about 2.30 p. m., after 
which the transpiration falls rapidly and acquires the average night 
rate soon after sunset. There is an indication from the flattening of the 
curve after 8 o’clock a. m. that from this point on to the maximum the plant 
modifies its transpiration coefficient.* This may be in part due to the 
closing of the stomata during this period and in part to the lowering 
of the vapor pressure of the sap of the mesophyll cells resulting from an 
increase in concentration. 

At the bottom of figure 2 is shown the mean wind velocity for each 
hour of the day. It will be seen that the maximum rate is reached about 
7.30 a. m. There is a gradual falling off until about noon, after which the 
wind velocity remains constant until 5.30 p. m. During the night the 
rate is somewhat lower. 

The transpiration graph of wheat in figure 2 is a composite based upon 
transpiration measurements of Kharkov and Turkey winter wheats, both 



Fig. a.’-Composiie trauspiration graphb for the three varieties of wheat f-ora which the comixtsite graph 

of figure a was obtained 


being varieties of Triiicum aestivum, and of one hard sj)riiig wheat, 
Kubanka, a variety of Triiicum durum} The transpiration gra]>hs for 
each variety, based upon the data given in Table I, are })resented in 
figure 3. It will be noted that the graphs have essentially tlie same form 
and that each graph after 9 a. m. shows a falling off in the transpiration 
rate below that indicated by the slope during the early morning hours. 

OATS ^ 

The data covering the transpiration measurements of oats (A vena 
sahva) on clear days are presented in Table V and the environmental 
measurements for the corresponding period in Tables VI to^IX. The 

* If a plant in its transpiration rcsiKnise to its environment acted as a free physical system, it w(»ulcl he 
possible to express the transpiration rate in the form of an ecpiatiou involving the intensity of each of the 
individual environmental factors. If tlic relative part played by each factor in determining transpira- 
tion were known, then simply by clctcnmiiing the transpiration rate itirresponding to some given environ- 
ment, the transpiration rate for any o»her environment could he computed. The ratio of the transpira- 
tion rate to the environmental intensity would then be detined us the Iranspiratton loej^ctcnt of the par- 
ticular plant under obscn’-ation. 

» Kharkov, C I (Cereal Investigations) No 1583; Turkey. C. I. No 1571; and Kubanka, C I Nu 1440. 

* Swedish Select, C J[. No 134 
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mean hourly values for each environmental factor and for the transpira- 
tion are plotted in figure 4. The graphs for the physical factors repre- 
sent in each case the mean hourly values for eight clear days. The 



Frc, 4.— Composite transpiration graph for oats, with environmental graphs for corresponding i^enod 

transpiration measurements were made in duplicate, using two pots of 
oats of the same variety, each pot being mounted independently on an 
automatic balance. The hourly transpiration values plotted in figure 4, 
therefore, represent the mean of 16 determinations. 








Table Transpiration rale (in grams per hour) of oats at Akron, Colo., from August 4 to 18, 1912 
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Table VI. — Hourly solar radiation intensity {observed differential tcnipcratiirc) during oats transpiration period, at Akron, Colo., from August 4 to 18, 

1012 

j Hour enilin*,: — 

1 — — 

Date. I A M N ^>r>n | P. M. 


Jan. 3, X9z6 


Hourly Transpiration Rate on Clear Days 
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Table \Ul.— Hourly wet-bulb depression {in degrees Fahrenkeil') during oats transpiration period at Akron, Colo., from August 4 to 18, igi2 



Average 4.3 4.1 34 4.4; 



Jan. 3, 19x6 


Hourly Transpiration Rate on Clear Days 
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The smoothness of the graphs obtained by this method of composites 
is in evidence in figure 4. The radiation curve is again seen to be sym- 
metrical with reference to the noon hour and to decrease in either direc- 
tion, at first slowly and then rapidly, to zero, a type of curve character- 
istic of clear days. The air temperature, wet-bulb depression, and 
transpiration all reach their maximum about two hours later. The 
transpiration graph for oats, like that for wheat, gives evidence of a slight 
depression or undue flattening after 9 a. m. In other words, one would 
expect from the corresponding slopes of the radiation and temperature 
curves that the transpiration graph would be more convex through the 
period from 9 a. m. to 2 p. m., provided the oat plant responds as a free 
physical system. It will be noted that the transpiration rate also falls 
off more rapidly in the afternoon than does the air temperature or the 
wet-bulb depression. In this respect the transpiration graph corresponds 
rather strikingly with the solar-radiation and wind-velocity graphs. The 
increase in wind velocity during the night does not, however, produce 
a corresponding increase in transpiration. This point will be referred 
to again. Finally, it is of interest to note that the transpiration loss of 
oats under Akron conditions during the night hours is extremely .small, 
compared with the loss during the day. 

SORf'.HUM 

The sorghum transpiration ineasurements, like those made with 
wheat and oats, were conducted inside the screened inclosure and include 
three varieties of A ndropogon sorghum — namely, Minnesota Amber, milo, 
and Dwarf milo ^ (Table X). 

The environmental measurements for the corresponding period are 
given in Tables XI to XIV, inclusive. 


* Mmucbuta Amber, A. D. I. 341-13; milo, S. P. I. No. 24960: Dwarf milo, S. P. I. No J4970. 



TablB X.— Transpiration rate (in grams per hour) of sorghum, at Akron, Co h.Jrom August 23 to 2g, igi2 
I _ , I I Hour endint— 
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ItABin Xll.— -Hourly temperatures {in degrees Fahrenheit) during sorghum transpiration period, at Akron, Colo,, from August 2 $ to rpi2» 


Jun. j» >9x6 


Hourly Transpiration Rate on Clear Days 
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The sorghum measurements were made during the latter part and the 
oat measurements during the first part of August. The amplitude and 
spread of the radiation curves for the two periods are essentially the same 
(see figs. 4 and 5). The air temperature during the sorghum period was, 
however, much higher, the average daily maximum being over 91® F., 



Fig. 5.**~Composttc transpiration graph of sorghum, with environmental graphs for corresponding period. 

compared with a maximum of 79® during the oat period. There is also 
a corresponding difference in the wet-bulb depression, the mean maximum 
depression during the sorghum period being over 26°, compared with 17® 
during the oat period. The conditions were consequently more severe 
during the sorghum period — i. e., such as to induce a higher transpira- 
tion rate. Yet it will be seen, on reference to the transpiration graph 
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in figure 5, that sorghum, even under the more severe conditions 
imposed, gave no indication of a flattening of the peak of the txanspira* 
tion curve. Furthermore, the maximum of the sorghum transpiration 
curve occurs at approximately noon, and the curve is nearly symmetrical. 
In brief, the transpiration graph of sorghum appears to follow more 
nearly the radiation curve than either wheat or oats. It is of interest 
in this connection to note that sorghum is one of the most efiicient of the 
crop plants in the use of water, the sorghum varieties used in these exper- 
iments having a water requirement amounting to only 64 per cent of 
that of the oat plants.^ 

RYE 

The transpiration data for rye {Secede cereale) * on clear days are given 
in Table XV. These observations were made outside the inclosure, 
under freely exposed conditions, from June 22 to July 3, 1914. The 
envirorunental measurements for this period are given in Tables XVI to 
XX, inclusive. Hourly evaporation measurements from a free- water 
surface were also made in 1914, with the aid of an automatic balance. 
The hourly means for the environmental factors are plotted in figure 6, 
together with the hourly evaporation and the hourly transpiration of 
rye, the latter being represented by the mean of 12 automatic records 
taken on six different days. 

> Based upon water-requirement measurements of the same plants. (Briggs and Shautz, 19x4.) 

* Spring rye, C. I. No. 73. 




TIE* 


jMi. 3, 1916 Hourly Transpiration Rate on Clear Days 603 



1*^0. 6.--Coiiip08ite transpifatioa graph of rye. with environmeiital graphs and evaporation graph 

for corresponding period. 







Tam,® XV.— Transpiration raU (in grams per hour) of rye. at Ayon, Colo., during June and July, igig 
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Table XVII . — Hourly temperatures {in degrees Fahrenheit) during rye Irampiraiion period at Akron, Colo., during June and July, IQI4 





Tablb XIX. Wind velocity (in miles per hour) during rye transpiration period at Akron, Colo., i 
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Jan. 3. x9x6 Houfly Transpiration Rate on Clear Days 607 

A striking feature of the radiation curve is the rapid rise in radiation 
intensity during the early morning hours. Reference to the graphs will 
show that the radiation has attained approximately one-half its maxi- 
mum value two hours after sunrise, and a corresponding decrease occurs 
in the late afternoon. 

The mean air temperature during the rye transpiration period ranged 
from 54° F. at 4.30 a. m. to about 83° F. at 4.30 p. m. The maximum air 
temperature thus occurs four hours later than the solar-radiation maxi- 
mum. The wet-bulb-depression graph is similar in form to the air- 
temperature curve, and its maximum occurs at approximately the same 
time. The maximum of the evaporation curve, on the other hand, cor- 
responds with that of solar radiation, but the slope of the evaporation 
graph is more nearly uniform during the morning and afternoon than 
that of the radiation graph. 

The transpiration graph of rye shows the same flattening during the 
middle part of the day that was observed with wheat and oats in 1912. 
With rye this flattening begins at 8.30 a. m., and continues until i p. m., 
the slope being nearly uniform during this period. During the late 
afternoon the transpiration falls rapidly and the night transpiration is 
seen to be very low. 

The mean wind velocity in miles per hour is plotted at the bottom of 
figure 6. The maximum rate of about 9 miles per hour occurs from 8 to 
10 o'clock in the morning. During the night the rate is less than 5 miles 
per hour. There is little indication from the graphs that differences in 
the velocity of the wind had much influence on either the transpiration 
or the evaporation rate. 

ALFALFA 

The transpiration measurements upon alfalfa (Medicago saiivaY are 
the most extensive of the series and include 52 day records taken during 
26 days, embracing late-season as well as midsummer measurements. 
The transpiration data are given in detail in Table XXI and the physical 
measurements in Table XXII to XXVI, inclusive. The hourly means 
will be found plotted in figure 7. Since the period covered by the meas- 
urements is so extended, it has seemed advisable also to separate the 
measurements into shorter periods for comparison. Summaries covering 
a short transpiration period in June and another period in October are 
accordingly presented in Tables XXVII and XXVIII, and are plotted in 
figure 15, to which reference will be made later. 


^ Oiixxun alfalia. A. D. J. (Alkali and Drought Resistant Plant Investigations) No. 33. 
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TablB XXIII . — Hourly temperatures {in degrees Fahrenheit) during alfalfa transpiration period at Akron, Colo., for long periods, in igij and IQI4 
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Table XXV . — Wind velocity (in miles per hour) during alfalfa transpiration period at Akron, Colo,, for long periods, in Ipij and igi4 
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TABi,a XXVI. Evaporation raU {in grams per hour) during atfa^a transpiration period at Akron, Colo., for long periods, in ipjj and igig 
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TabXtS XXVII . — Summary transpiration and environmental conditions during alfalfa transpiration period at AkroUt Colo. y from June i8 to 2ly 

igi4 
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Considering now the composite graphs based upon the records obtained 
during 26 clear days, it will be seen that the radiation graph is similar in 
form to those already discussed, save that the radiation tends to change 
less rapidly during the early-morning and late-aftemoon hours, owing to 
the fact that the length of the day was not uniform throughout this long 
period. The slight variation in radiation intensity during the midday 
hours and the marked changes between 5 and 7 a. m, and 4 and 6 p. m. 
are in conformity with what has already been noted of the other radiation 
curves. 

The composite temperature graph shows a daily range of 33 degrees, the 
minimum (47® F.) occurring between 4 and 5 a. m., and the maximum 
(80^ F.) between 2 and 3 p. m. The graph showing the wet-bulb depres- 
sion is very similar in form to the air-temperature graph, and the maxima 
and minima correspond. This is to be expected, since with an unvarying 
amount of water vapor in the air, the wet-bulb depression would be deter- 
mined by temperature fluctuations. Furthermore, since the observa- 
tions are confined to clear days, sudden changes in absolute humidity are 
not encountered. 

The evaporation graph representing the alfalfa period is nearly symmet- 
rical with respect to noon, and the slope of the graph changes but slightly 
during either the morning or afternoon hours. The greater portion of 
the daily evaporation, however, takes place during the afternoon, owing 
probably to the higher temperature prevailing during this part of the day. 

The transpiration graph shows a very low rate of transpiration during 
the night. The rate gradually increases from about one hour after sun- 
rise to the maximum at 1.30 p. m. After 2.30 p. m. the curve falls rap- 
idly until sundown and remains practically constant throughout the 
night. By far the greater part of the daily transpiration occurs during 
the afternoon. This as3rmmetry with respect to midday is much more 
apparent in the transpiration graph than in the evaporation graph. 

At the bottom of figure 7 the mean velocity of the wind is shown for 
each hour in the day. During daylight hours the rate is approximately 
7 miles per hour and during the night about 4 miles per hour. It is 
apparent from Table XXIV that the air is never still for an hour at a 
time. 

AMARANTHUS 

The transpiration data so far presented have been coniined to crop 
plants. It is also desirable in this connection to study the transpira- 
tion of weeds or native plants which have shown themselves to 

regions of limited rainfall. To this end, Amaranthus relroflexm was 
selected as a plant widely distributed throughout the cultivated areas of 
the United States. Amaranthus is also one of the most pin«*. 

known as i^rds the use of water, its water requiremei^ at Aktrm 
below 300, thus comparing favorably with the best of the prosos, tniiu*. 
and sorghums, the most efSident crop plants known. 
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VtOm 6,*«Coiiipoiita ttanspiimtion grapb lor AmomfVtkus rttrofUims, with environmental graphs and 
evaponitiQa gmpb lor corresponding period. 






tASLn XXIX,— Transpiration rate {in fframs per hour) of Atnaranihus retroflexus at Akron, Colo,, from July 7 to g, xgz4 
























Tabus XXXI . — Hourly temperatures (in degrees Fahrenheit) during Amaranthus transpiration period at Akron, Colo., from July f to g, zgi^ 

















































TabijB XXXIII.— W'titti velocity (in miUt per hour) during Amarantkus retroflexus transpiration period at Akron, Colo., from July 7 to 9, 1914 
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The transpiration measurements (see Table XXIX) include six day 
records on three successive days in July. The corresponding physical 
measurements are given in Tables XXX to XXXIV, inclusive, and the 
hourly means are plotted in figure 8. 

While these measurements were made during what we have termed 
“clear days,“ the sky was not wholly free from cumulus cloud during the 
period, and this is reflected in the radiation curve, which does not quite 
reach its normal value during the late morning hours. 

Comparison with the conditions prevailing during the rye transpira- 
tion period, which extended over the two preceding weeks, will show that 
the evaporation* was distinctly higher during the amaranthus period. 
The temperature during the latter period was slightly lower, but the 
saturation deficit was greater. Yet the transpiration graph of Amaran- 
thus retroflexus gives no indication of the flattening which is so marked 
in the transpiration graph of rye. There appears then to be a marked 
difference in this respect in the response of the two plants to the march 
of radiation and other cyclic factors. 

GENERAL DISCUSSION 

It seems desirable at this point to summarize briefly the prevailing 
climatic conditions at Akron during the growth period of plants and 
more particularly during the transpiration periods included in the above 
determinations (Table XXXV). Akron is located in the rolling short- 
grass plains of northeastern Colorado. Absolutely clear days seldom 
occur, but often there are days with only a few light cumulus clouds in 
the sky, and during such days the plants are rarely shaded from the 
direct rays of the sun. Such brief interruptions in the direct radiation 
appear to have little influence on the hourly transpiration rate. On the 
other hand, there are many days during which cloudiness develops, espe- 
cially in the afternoon, not infrequently accompanied by light rain and 
high wind. The number of days which may be classified as clear in the 
above-defined sense forms consequently a relatively small part of the 
growth period of the plants. The measurements presented in this paper 
have been made on practically cloudless days. The radiation intensity 
at midday on clear days in midsummer is normally about 1.4 calories 
per square centimeter per minute on a surface normal to the sun’s rays. 
In the 1912 experiments the hazy condition of the atmosphere, together 
with the shading effect of the hail screen, combined to reduce the maxi- 
mum radiation to 0.8 calorie during the wheat transpiration period, 1.02 
calories during the oat transpiration period, and 1.05 calories during the 
sorghum measurements. The plants during the 1912 measurements 
were consequently obliged to dissipate only from 60 to 75 per cent as 
much solar energy as in the 1914 experiments. 
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Xabi*» XXXV . — Summary of plant and environmental data 


CROP OP xgta 



Wheat. 



Kubanka. 

Mean for 
all varie- 
ties. 

Tnmspiratioa period 

TlAte of cropping’ 

June as to 
July n 
Aug. X 
344 
258 

J20 

June ao to 
July 5 
Aug. X 
366 
302 
450 

June 35 to 
July 8 
Sept. 3 
370 
174 
360 

June 30 to 
Jtily xz 

Yield ci dry matter gm. . 

Mean maximum tran^iration gm. per hour. . 

Maximum transpiration gm. per hour . 

Mean maximum radiation, calories per sq. cm. per 
minute 

327 

338 

0.8 

86 .X 

X .6 to 7.5 

0.73 

Meftn mavinnutn aif temperature ...* "P. . 




I^angein mean lyind velocity , , , , - ■ - - - - 




Mean maximum transpiratiem per gram of dry matter 
harvested 

0 - 7 S 

0.83 

0.65 



CROP OP 1912 



Oats. 

Sorghum. 

Swedish 

select. 

Minnesota 

Amber. 

Milo. 

1 

Dwarf 

Milo. 

Mean for 
all varie- 
ties. 

Transpiration period 

Date of cropping, 

Aug. 4 to 
x8 

Aug. ?j 
411 

271 

464 

1. 02 
17.1 
a 602 

79-0 

> 2.5 to 6 7 

0.66 

Aug. 2310 

1 29 

i Sept. a6 
667 

4 X 3 

Aug. 25 to 
29 

Sept. 27 
S09 

430 

Aug. 24 to 
39 

Sept. 27 

434 

354 

Aug. 23 to 
2» 

Yield of drylaiatter gm . 

Mean maximum transpiration, gm. per 

hour 

Maximum transpiration gm. per hour . 

Mean znaximum radiation, calories per sq. 
cm. per zziinute 

S 37 

408 




i.os 
36. f 
z. 138 
91.7 
3.4 to 8,7 

0. 76 

Mean maximum wet-bulb depression .. .. 
Mean maximum saturation deficit, inches . 

Mean maximum air temperature *F . 

Range in mean wind velocity 


1 

! 

! 

i 

Mean maximum transpiration per gram of 
dry znatter harvested 

0 . 62 

0. 84 

o.8z 


CROP OP 19x4 




Alfalfa. 

Amaran- 

thus. 


Rye. 

Early 

period. 

Whole 

period. 

lAte 

period. 

Tran^iration period 

June 32 to 
July 3 
July as 
z86 

June x8 to 
at 

July zz 
*57 

HHi 

Oct z6to 

30 

Oct. 30 
176 

488 

July 7 top 

July 14 

Date of cropping 


Yield of dry matter gm. . 


Mean maximum transpiration, gm.'iper 
hour 

4 »S 

aM 

M«uz maximum evaporation, gm. per 
hour 

mm 

4*4 

Mean maxhuum radiation, calories per sq. 
cm. per minute 

mm 

#07 

X. 

7*0 

Xr 38 

6x6 

940 

Mean maximum wet-bulb depression 

Mean nuudmuin saturation deficit, inches. . 
Mean maximum air temperature. . . , , * P. . 
Rangeltt mean wind velocity 


as - 7 
t-'MS 

z.5t0 7 

35. 0 
0.837 
79-7 

3.5 to 8.3 

1« f s 
s6 
0.8x1 

3 - 810 X 4^4 

sa.« 

a.5 to x«.y 

dry matter harvestea 

x*s8 

3.64 



a* 77 

*♦10 
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Since transpiration and evaporation are similarly affected by en- 
vironmental factors, the loss of water from a free-water surface affords a 
good summation of the intensity of such factors. The total evaporation 
from a tank 8 feet in diameter with the water surface at ground level at 
Akron during the months from April to September, inclusive, is 44 inches, 
based on the records for seven seasons, compared with 33 inches at Dick- 
inson in western North Dakota, 53 inches at Amarillo in the Panhandle 
of Texas, and 57 inches at Yuma, Ariz. In general, the evaporation 
increases as one proceeds from north to south through the Great Plains, 
and the same condition, though less marked, prevails from east to west. 
The transpiration conditions at Aikron are probably as severe as may be 
found in cultivated areas east of the Rockies in this latitude (40° N.) or 
to the north of this parallel. 

Hourly evaporation measurements with the shallow, blackened tank 
were not made in 1912. The evaporation rate in 1914 was highest during 
the amaranthus period, as would be expected from a consideration of the 
intensity of the environmental factors. The mean maximum evapora- 
tion rate for the different periods during the hours near midday ranged 
from 700 to 900 gm. per hour from a tank of 6,540 sq. cm. in area.^ 

The highest temperatures and the greatest saturation deficits were 
encountered during the sorghum and amaranthus transpiration periods; 
yet these conditions produced no flattening of the peak of the transpira- 
tion curve of either plant, which is so marked in the case of wheat and 
rye. The lowest mean temperature and the smallest saturation deficit 

> A loss of 1.000 gm. from the small tank corresponds to a loss of 0.0386 inch from the 8-foot tank referred 
to above, based on continuous records for the period, June z6 to September 19, 19x4. The large tank loses 
more slowly during the forenoon, but more rapidly during the night. This due to the heat capacity of 
the large tank. The records based <m a4-hour periods show good agreement between the two tanks. To 
those who are more familiar with evaporation as measured by Livingston’s atmometer. the following 
comparison with the shallow blackened evaporation tank used in our e.xperiments will be of interest. 
The hourly evaporation graph of the porous-cup atmometers does not agree in form with the evapo- 
ration graph from the tank. The atmometers show a marked lag during the middle of the day os 
compared with the cvaporati<m taking place from the tank. This might be anticipated, since the tank 
receives only the vertical component of the radiation, while the candle type of atmometer receives a snuUler 
percentage of the total radiation at midday in midsummer than earlier or later in the day. due to the verti- 
cal walls. The difference is, however, very pronounced even with the new spherical form of porous cup. 
It is consequently impossible to establish a definite ratio between the evaporation from the Livingston 
atmometers and the shallow tank used in our experiments. The average ratio may, however, be given. 
Pram 6 a. m. to 6 p. m., on August 13 and 14, 19x5, an evaporation of r.ooo c. c. from the tank corresponded 
to an evaporation of 6.5 c. c. from the white candle-type atmometers (19x3): of 7.5 c. c. from the same type 
(19x5): of 8.3 c. c. from the white, spherical type (X9X5); and of xo.9 c. c. from the black candle typcCxoxs). 
The loss from the atmometers corresponding to x.ooo gm. loss from the shallow tank for different parts of 
the day is as follows; 



6 to xo 

10 a. m. 

3 to 6 

Type of atmometer. 

a. m. 

to 3 p.m. 

p.m* 

White candle type (1913) 


S-x 

8.6 

White candle type (1915) 

8,3 

5-8 

zo»o 

White spherical type (19x5) 

9 -x 

6.7 

laj 

Blade candk type (xyxs) 


8.4 

Z 3.9 


During the night the atsnoiaetets each lost about 3 gm. of water, while the tank showed a slight gain due 
to deposition ct dew. None of these atmometers had ever been used in other measurements, and dis- 
titted water was used In all cases* The values given ate based on tlie mcaiut of determinations with four 
• mnonnife i i of oadi type, after the observed evapotatlon from each atmometer had been multiplied by 
the itandatdiratiop coeffident supplied with the apparatus. 
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occurred during the oat transpiration period. This may account for 
the fact that the flattening of the transpiration curve of oats is not so 
marked as in the case of the other cereals. 

The wind velocity during these experiments was higher during the 
daytime than during the night hours. There is a fairly well-defined 
rnayi mutn between 7 and 10 o'clock and another secondary maximum 
in the afternoon. Wind-still periods seldom occurred. 

In Table XXXV are summarized the mean maximum values of the 
transpiration, evaporation, radiation, saturation deficit, and tempera- 
ture for each period; and the 3deld, time of harvest, and the period dur- 
ing which transpiration measurements were made. The range in mean 
wind velocity and the mean maximum transpiration per gram of dry 
matter harvested have also been added to the table. 

A comparison of the data for the three varieties of wheat shows a 
dose agreement. Kharkov produced the highest yield and transpired 
at the highest rate. Kubanka produced the least dry matter and trans- 
pired at the lowest rate. On the basis of dry matter produced Kharkov 
transpired most rapidly and Kubanka least rapidly. From a considera- 
tion of unpublished data on the transpiration of cereals from seed time 
to harvest, these observations appear to have been taken during the 
period of maximum transpiration for the crops considered. 

On the basis of transpiration throughout the total period of growth, the 
relative transpiration of Kharkov and Turkey wheat was the same — i. e., 
365 ±6 and 364 ±6 gm. of water, respectively, for each gram of dry 
matter produced. Kubanka transpired relatively more — i. e., 394 ±7 
gm. of water for each gram of dry matter. 

Oats transpired somewhat less rapidly than wheat in proportion to 
the amount of dry matter produced. A consideration of the tempera- 
ture data shows the mean maximum temperature for the oat period to 
be about 7 degrees lower than for the wheat period. This difference in 
temperature and the resulting difference in humidity would be sufficient 
to account for the lower rate of transpiration of oats compared with 
wheat. On the basis of total transpiration, oats consumed 423 ±5 gm. 
of water for each gram of dry matter produced, or 7 per cent more than 
Kubanka wheat. 

Three different varieties of sorghum were used in the transpiration 
flEieasurements— Minnesota Amber, milo, and Dwarf milo. The plants 
were apparently at the height of their transpiration during the measure- 
ments. The mean maximum transpiration rate of sorghum was higher 
in proportion to the dry matter harvested than for oats or wheat, but 
the physical conditions favored a more rapid transpiration during the 
sorghum period, as is shown by a comparison of the temperature, radia- 
tion, and saturation-deficit data. The slope of the sorghum transpira- 
tion curve near the peak is also much greater than for either wheat 
or oats. 
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The transpiration during the whole period of growth of sorghum, 
when based on dry matter produced, is practically the same for the 
three varieties here considered. Minnesota Amber transpired 239 ±2 
gm. of water for each gram of dry matter produced; Dwarf milo, 273 ±4 
gm.; and milo, 249 ±3 grams. 

The transpiration rate of rye, when based on the dry matter harvested, 
is much higher than for any other crop included in the 1912 water- 
requirement measurements. This is due in part to the more extreme 
atmospheric conditions prevailing during this period and in part to the 
higher water requirement of rye, which is 39 per cent higher than Ku- 
banka wheat and 15 per cent higher than Swedish Select oats. 

The data presented during the long period for alfalfa were based on 
plants which yielded different amounts of dry matter. In order to make 
the comparison more exact, two short periods have been presented. 
The environmental conditions were somewhat more extreme during the 
early period, as is shown by a comparison of radiation, temperature, and 
saturation deficit. The evaporation rate was also higher. On the basis 
of dry matter harvested, the transpiration during the two periods was the 
same. It is necessary in this connection to consider the size of the plant 
at the actual time of the measurements. The late-period crop was har- 
vested 6 days after the period when the transpiration measurements were 
made, while the early-period crop was harv^ested 20 days after the ter- 
mination of the transpiration measurements. It is evident, therefore, 
that the ratio of transpiration rate to dry matter of the early-period 
crop would have been considerably higher had this crop been harvested 
soon after the transpiration measurements were completed. 

The most severe environmental conditions in 1914 were encountered 
during the amaranthus period. Solar radiation was greater and satura- 
tion deficit, air temperature, and evaporation higher. On the basis of 
dry matter, amaranthus transpired less than alfalfa, but more than rye. 
On the basis of the whole period of growth, the water requirement of 
amaranthus was much less than rye, the higher rate of transpiration 
shown in the data here presented being due to the unusually severe con- 
ditions prevailing during this period. 

While the writers are considering the data in this paper primarily from 
the standpoint of the relative transpiration rate of the different plants 
and are not particularly concerned with absolute values, it is interesting 
to find that the data here presented conform as nearly as can be expected 
to the relative transpiration rates of the different plants as determined 
from the water-requirement measurements, 

COMPARISON OP THR FORM OF THE CURVES 

In order that a more accurate comparison may be made between the 
form of the transpiration graph and that of the several environmental 
factors> the mean hourly values presented in the preceding tables have 
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also been expressed in terms of percentage of the maximum. In the case 
of temperature and wet-bulb depression, the calculation has been based on 
the maximum range — ^i. e., the mean minimum is taken as zero on the 
scale. The data for the various crops reduced to this uniform basis are 
presented in figures 9 to 15, inclusive, the axis of abscissas representing 
time and the axis of ordinates the percentage of the mean daily maximum 
(or mean daily range). 



Fig. 9.— CrODhs showing transpiration of wheat and the hourly values of cyclic environmental factors, aU 
plotted in peroentage of the maxinaum or maximum range. 



Fid. xo.~Crai^ showing the hourly transpiration of oats and the hourly values of the cyclic envirotimcntal 
factors, all plotted in percentage of the maximum or maximum range. 



An inspection of the charts will show that the radiation graph rises in 
advance of the other cyclic environmental factors. This is to be expected, 
since the change in radiation is the primary cause of the cydic 

the other components. For the same reason the aho risM 

advance of the tranqmation and falls ehber in advance of it, m In 
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the case of the three cereals wheat, oats, and rye, or approximately with 
the transpiration, as in the case of sorghum, alfalfa, and amaranthus. 



Fio. la. — Graphs showinff hourly transpiration of sprine rye and the hourly values of the cyclic enviroif 
mental factors, all plotted in percentage of the maximum or maximum range. 


Fio. X3.--<^raphs lowing the hourly transpiration of alfalfa and the hourly values of cyclic environmental 
factors, all plotted in peroenUge of the maximum or maximum range. 

This is dearly shown in figure 16, in which the two graphs are plotted for 
each plant. 

The transpiraticm rises in advance of the temperature in the case of 
wheat, oate, and alfalfa; approximatdy with the temperature for rye 
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It will be seen from these figures that the integrated transpiration for 
wheat and oats slightly exceeds the integrated radiation and that the 
reverse is true for rye, sorghum, amaranthus, and alfalfa. The transpi- 
ration curves for sorghum, amaranthus, and alfalfa lie almost wholly 
within the radiation curve. The ratio of the transpiration area to the 
radiation area is also low in the case of spring rye, owing to the com- 
paratively low fate of transpiration during the morning hours. 
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Tia, x6.---Ckmpatisoii of the form of tianspimtson graphs with the graphs representing the total raHlAt-ioti 
and the vertical component of the radiation. 


TablJ 5 XXXVI . — A comparison of radiation and transpiration based on the area in- 
closed by the graphs in figure ly 
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The last portion of Table XXXVI gives the relative transpiration for 
different parts of the day. The percentage of the transpiration taking 
place during daylight is very uniform, ranging from 94 per cent for oats 
to 97 per cent for amaranthus and alfalfa. The transpiration during the 
night is remarkably low, ranging from 3 per cent for amaranthus and 
alfalfa to 6 per cent for oats. Th^ data as presented represent the inte- 
gration of the transpiration and radiation for hourly intervals, so that the 
transpiration for the hour interval during which sunrise (or sunset) 
occurred has been included as daylight transpiration. The ratio can be 
more accurately determined from the automatic records, which show an 



Fig. 1 7.— <Coxni>ari$oin of the tnmspiration graphs plotted in percentage of the maximum with the tem- 
perature graphs plotted in pcieentage of the maximum range. 


average night transpiration less than 5 per cent of that occurring during 
daylight. This low night transpiration is significant when we consider 
that the temperature and the saturation deficit are relatively high during 
the early hours of the night and that the dew point is seldom reached at 
Akron. The wind velocity at night is also at least one-half the average 
daylight velocity. 

It wll be seen from Table XXXVI that the transpiration in the fore- 
noon is lower than in the afternoon, the difference being greatest in the 
case of rye and least in the case of wheat, oats, and alfalfa. For the 
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group of plants as a whole, 43 per cent of the transpiration took place 
before noon and 57 per cent in the afternoon, while the average radiation 
during the period was slightly greater in the forenoon. 

In the last column of the table is given the percentage of transpiration 
taking place between 1 1 a. m. and 3 p. m. While these figures are not 
directly comparable, owing to the difference in the length of the day — 
i. e., in the number of daylight hours — it is clear that from one-third to 



Fio. i8.--Comparison of tianspinitioa with wet-bulb depression, both plotted in percentage of the 

maxiizium range. 


one-half of the transpiration during the 24-hour period takes place from 
II a. m. to 3 p. m. 

RATIO OF TRANSPIRATION TO EVAPORATION 

Transpiration is often regarded as evaporation modified to some extent 
by plant structures and plant functions. Both are influenced by radia- 
tion, temperature, saturation deficit, and wind. Because of the simi- 
larity of the two processes, the evaporation rate has often been used as a 
standard to which the transpiration is referred. 

Livingston (1906 and 1913) has given special attention to the relation 
of transpiration to evaporation, and has applied the terms “lelative 
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transpiration,” “transpiring power” (Livingston and Hawkins, 1915), to 
the ratio of the transpiration rate to the evaporation rate of his porous- 
cup atmometer. It has been shown ^ that the graphs representing 
transpiration and the evaporation from the porous-cup atmometer are 
similar in form, but that their maxima do not as a rule occur at the same 
time in plants exposed to extreme conditions. Furthermore, when the 



Fio. i9.~'ComiMirison of the tnoispiratioii with the evaporation from 
a free* water surface in a shallow, bladccncd tank, both plotted in 
percentage of the maximum range. 

tatio of the transpiration to evaporation (the relative transpiration) is 
plotted against time, the daily graph usually shows two maxima, one in 
the morning and a second in the afternoon. 

Graphs representing the ratio of the transpiration rate of rye, alfalfa, 
and amaranthus to the evaporation rate are given in figure 20 and show 


> S«e alio Shreve, 1914; Bakke, 19x4. 
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the maxima referred to in the investigations cited. ,One maximum occurs 
in the morning about 7 or 8 o’clock, and a second and greater maximum 
is found in the afternoon between 4 and 6 p. m.‘ In other words, the 
transpiration graph shows a tendency to rise earlier in the morning and 
fall later in the afternoon than the evaporation graph. This is evident 
in each of the three graphs presented in figure 20. 

This result is capable of two quite dissimilar interpretations. If the 
assumption is made that evaporation constitutes a correct summation of 
the influence of environment on transpiration, it follows logically that the 
departure of the transpiration-evaporation ratio from a constant value is 
due to a decrease or increase in the transpiration coefficient. It must, 







s s 

7 




// 


V* it 



f 

r 


// 


r-T- 


V- 












' 












3 



















y 






\ 


















z 

I 

0 /.o 





— 











7 " 







1 










— 

— 


yr 































IB 

B 

IB 



■■ 





■ 

II 


II 

■ 

m 

B 

SB 

g 

■ 

■ 

BB 

II 

B 

'.mm 


B 

B 

B 

B 

B 

B 

n s 


9 


B 

9 

■ 

■ 

■ 

m 

B 

s 

SS 

B 

B 

B 

fl 

i 

IB 

g 

B 

g 

fl 

fl 


■ 

■ 


■ 

■ 

■ 

■ 

■ 

B 

m 

■ 

B 

B 

B 

B 

B 

E 

B 

B 

B 





HH 

HH 


HBi 




k 

II 

■1 

i 

■1 

■i 


II 

■: 


g 

■ 

B 

B 

B 

B 

B 

B 

B 

B 

fl 



B 


■1 

Bll 


M 

■1 

i 

■1 

■i 

1 

■ 

Bl 

Bl 

Bl 

B 

Bi 

B 

B 

B 

B 

Bl 


1 

B 

¥ 


■1 


m 

■1 


esi 

B' 


Bl 

Bl 

Bl 

Bl 

i 

■1 


Bl 

Bl 

Bl 

Bl 



B 

■ 

■ 

■1 


■1 

■1 


■1 

■i 


^SSSniM 

SS 

■1 

Bl 

ii 

Bl 

Bi 

Bl 

Bl 



B 

Hi 

■1 

■1 


■1 

■1 


■1 

■I 


■1 


□ 





■I 

Bl 

Kl 

ai 

i 


B 


Fig. ao.—Graphs showinff hourly ratio of transpiration to evaporation at plotted in figure 19. 


however, be recognized that all evaporimeters do not respond to their 
environment in the same way. A large deep tank does not have the same 
daily graph as a shallow tank. A filter-paper evaporimeter does not fol- 
low the graph of the porous-cup atmometer. If none of these agree, can it 
be said without further proof that the evaporation rate of any one of them 
is proportional to the transpiration rate of a plant which responds freely 
to its environment? The fact that the transpiration graph is so uni- 
formly asymmetrical with respect to noon in our determinations and that 
the evaporation graph is so uniformly symmetrical would indicate that 
the two processes were not controlled in the same way by the physical 
factors of the environment. The writers arc inclined to the belief that 

» Thehoiirly values of transpiration and waporationatnightare soamall that the dbicrvatkiial 
inelEe the ratio ttttcertain* and the night ratios will consemiently tiiA tw 
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the departure of the transpiration from evaporation should not be taken 
as proof of a change in the transpiration coefficient of the plant and that 
it is safer for the present not to base conclusions on this assumption but 
instead to consider directly the factors which influence both transpiration 
and evaporation. 

CORRELATION BETWEEN TRANSPIRATION AND ENVIRONMENTAL 

FACTORS 

Two methods have been employed by the writers in making a quanti- 
tative investigation of the relationships existing between the transpiration 
of the plant and the intensity of its environment: (i) The coefficient of 
correlation between the transpiration and a given environmental factor 
has been computed as a basis for the determination of the relative influ- 
ence of the various environmental factors and (2) the relationship between 
the mean hourly transpiration and the hourly values of the several envi- 
ronmental factors has been computed by the method of least squares, and 
the relative weights of the different environmental factors determined 
from the coefficients of the resulting equation. Such a reduction of the 
data appears highly desirable, for it affords a means of comparison inde- 
pendent of the personal element. The results of the correlation reductions 
will first be considered. 

In computing the correlation coefficients, * the individual hourly obser- 
vations as presented in Tables I to XXVI were used. The data in each 
instance embrace not less than three days' observations with the transpi- 
ration measurements in duplicate, so that the number of pairs of terms — 
i. e., the ** population" considered — approximated 144 for the 3-day 
periods in the transpiration correlations and in other cases exceeded this 
number. 

The correlation coefficients of the transpiration rate of alfalfa, amaran- 
thus, and rye, with the intensity of the several environmental factors, 
are presented in Table XXXVII, together with the probable error of the 
correlation coefficient in each case. 


* Pot a presentation of the thecxT and the method of computing correlation coefiSdents, see Yule (19x1) 
and Davenport (1907). 
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Tabi,^ XXXVII . — Correlation between transpiration and environmental factor $ 


Plant, period, and 
components. 


Alfalfa (long period, Sept, 
lo to Oct. 20, 1Q14): 
Radiation and trans- 
piration 

Temperature and 

transpiration 

Wet-bulb and trans- 
piration 

Evaporation and 

transpiration 

Wind velocity and 

transpiration 

Wind velocity and 

radiation 

Alfalfa (Oct. z6 to 20, 
1914): 

Radiation and trans- 
piration 

Temperature and 

transpiration 

Wet-bulb ana trans- 
piration 

Evaporation and 

transpiration 

Wind velocity and 

transpiration 

Wind velocity and 

radiation 

Vertical radiation 
and transpiration . . 
Alfalfa (June 18, 19, 21, 
1914): 

Radiation and trans- 
piration 

Temperature and 

transpiration 

Wet-bulb and trans- 
piration 

Evaporation and 
transpiration 


Correlation 

coefficient. 

Plant, period, and 
components. 

Correlation 

coefficient. 

0. 840ito. 009 

Alfalfa (June 18, 19, 21, 
1914) — Continued , 

Wind velocity and 
transpiration 

0. 626drO. 036 

. 8i9dh . on 

Wind velocity and 
radiation 

. 641 db . 046 

Vertical radiation 

. 822 ± . on 

and transpiration . . 

. SiS± . 013 

. 838 d: . on 

Amaranthus (July 7 to 9, 
1914): 


. . 485 ± . 026 

.030 

Radiation and trans- 
piration 

Temperature and 

transpiration 

Wet-bulb and trans- 
piration 

. 844 ± . 016 

. 849 db . 016 

. 842 ± . 016 

. 886 d: . 010 

Evaporation and 
transpiration 

. 946± . 006 

. 8S9± • 012 

•S 43 ± 013 

Wind velocity and 

transpiration 

Wind velocity and 
radiation 

.683d= .031 

. 776± . 032 

. 929d: . 006 

Vertical radiation 
and transpiration. . . 

.863 d: . 014 

• 353 ± -039 

Rye (June 22 to July 3, 
1914): 


. 275d: .084 

Radiation and trans- 
piration 

. 820i . 014 

. 862 ± .oil 1 

Temperature and 
transpiration 

. 854dr . oil 


Wet-bulb and trans- 
piration 

. 748^: . 018 

. 86ld: . 015 

Evaporation and 
transpiration 

.894± .033 

. 788± . 021 

. 852 ± . oc8 

• 888 d: • 012 

Wind velocity and 

transpiration 

Wind velocity and 

radiation 

Vertical radiation 
and transpiration . . 

. 376 ± .036 

. 353 ± -047 

. 766± . 017 


An inspection of the correlation table will show that, excluding evapo- 
ration, the highest correlation is obtained between radiation and trans- 
piration. The correlation coefficient for these components is remarkably 
uniform for the diiHFerent crops and periods, ranging from 0.82 to 0.88, 
the lowest value occurring in the case of rye, as one might expect from 
the form of the transpiration graph. 

The similarity in the form of the composite graphs for air temperature 
and wet-bulb depression would lead to the expectation that their correla- 
tion coefficients with transpiration would be similar and the coefficients 
are in fact nearly the same. The only exceptions are (i) alfalfa (June 
period), in which the wet-bulb depression shows the higher correlation 
with transpiration; and (2) rye, in which temperature is the more closely 
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correlated. Reference to figures 12 and 17 shows the unusually close 
agreement between the composite transpiration graph for rye and the 
temperature graph. 

The correlation coefficient of temperature (or wet-bulb depression) 
and transpiration also agrees approximately with that of radiation and 
transpiration. In other words, it appears from a consideration of these 
coefficients that radiation, temperature, and wet-bulb depression show 
an equally close association with the daily transpiration cycle. The 
correlation of temperature and wet-bulb depression with transpiration 
may, however, he looked upon as being in part associative with radiation 
rather than causative, as will appear from the following considerations. 

The degree of correlation ^ between radiation and transpiration 
(from 0.82 to 0.88) indicates that the radiation determines the trans- 
piration to the extent of from 0.67 to 0.77, the square of the correlation 
coefficients, if radiation is regarded as the primary causative factor. 
The remainder (0.33 to 0.23) is to be ascribed to other factors. If 
temperature is taken as a causative factor of transpiration, the correlation 
coefficients show a dependence of transpiration upon temperature of 
from 0.62 to 0.74; but this is far in excess of the remainder (0.33 to 0.23) 
to be accounted for. In other words, the sum of the squares of the two 
correlation coefficients is in excess of unity. This means, then, that 
temperature and radiation are intercorrclated. A similar intercorrelation 
exists between radiation and wet-bulb depreSvSion, and an exact differenti- 
ation is impossible. However, since these factors are physically depend- 
ent upon radiation, we may assign to radiation the total effect indicated 
by the correlation coefficient, keeping always clearly in mind the assump- 
tion involved. On this basis the radiation intensity determines two- 
thirds to three-fourths of the transpiration at Akron on clear days; or 
all other factors combined have only from one-third to one-half the 
influence of radiation. 

On the other hand, if it is preferred to look upon radiation, tempera- 
ture, and wet-bulb depression as direct independent causative factors 
(which must also be recognized as involving a specific assumption to 
this effect), then it is evident from Table XXXVII that these factors 
play approximately an equal part in 4^termining transpiration on 
clear days. Not only are the correlation coefficients very nearly the 
same for the different factors with a given crop, but they vary but slightly 
for the different plants investigated. 

* While a corrdatxon coeffideut of unity daiotes perfect correlation, a correlation coeffident of less than 
unity most not be interpreted a.s dcterxninin^' the relationsliip in proportion to the magnitude of thccoirela- 
tioo coelBdent, for even in the case of a primary causative factor the rclatiooship can not be greater than the 
square of the correlation coeffident. For example, a correlation coeffident erf 0.707 between a causative 
and a resultant term indicates a dci>ettdence of the latter upon the former of 0.5 — i. e., the square of 0,707. 
This mav be easily demonstrated by computing the correlation coeffident between cither of two series of 
ntunbers. each having a normal frequency distribution, with the product of one series by the other. The 
correlation coeffident of the product series with cither primary series will be found to be 0.707. In other 
words, each series determines the product series to the extent of as, while the two series together determine 
tile product series absolutely. 
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In order to decide between these two assumptions, other evidence is 
necessary; and this may be found in a consideration of the transpiration 
during the night — i. e., when the radiation received by the plants is nil. 

In Table XXXVIII are summarized the transpiration and wet-bulb 
depression (in percentage of the maximum) and the air temperature 
(in percentage of the maximum range) for the hours 3 to 4 a. m. and 
8 to 9 p. m. It is evident from the table that a simultaneous diminu- 
tion in the wet-bulb depression of one-fourth of its maximum and in 
temperature of one-third of its maximum range results in a drop of 
only 3 per cent in the transpiration rate. This would seem to indicate 
that the high correlation obtained between transpiration and air 
temperature (or wet-bulb depression) is largely due to the direct corre- 
lation between radiation and temperature (or wet-bulb depression).^ 


TABi<e XXXVIII , — Comparison of transpiration y temperature, and wei^bulb depression 
at 2 to 4 a. m, and S to p />. m. 



Per cent of maximum 
transpiration. 

Per cent of maximum 
temperature. 

Per cent of maximum 
wet-bulb depression. 

Crop or period. 

j 

i 

3 t 04 
a.m. 

8 to 9 
p,m. 

Differ- 
ence in 
a.m. 
and 
p ra. 
read- 
ing. 

3 to 4 
a.m. 

8 to 9 
p, m. 

Differ- 
ence in 
a. m. 
and 
p. m. 
read- 
ing. 

3 to 4 

8 to 9 
p. m. 

Differ- 
ence in 
a,m, 
and 
p< m. 
read- 
ing. 

Wheat 

3 

5 

2 

3 

40 

24 

42 

34 
42 

35 
49 

32 

37 




Oats 

A 

6 



37 

39 

48 

45 


Rye 

3 

2 

7 

5 

3 

3 

3 

7 

A 


39 

32 

38 

3^ 

46 

1 27 

*7 

*s 1 

T ^ 

10 

32 

33 
^7 

Soightitn 

9 

0 

2 

Amaranthus 

I 

0 

t 2 

A 

Alfalfa 

2 

j 

4 

A 

1 2 

IS 

19 

June period 

2 

j 

4 

7 

42 

47 

38 

October period 

t 

6 

c 

2o 

36 




5 

2 

Mean 



3 



34 



36 










If we ascribe to radiation a causative efifect equal to that indicated by 
the correlation coefficient with transpiration, it becomes possible also to 
investigate the influence of wind velocity on transpiration by a process 
of elimination similar to that employed above. 

Transpiration in still air is somewhat less than in moving air, since 
the latter tends to reduce the distance that the transpired moisture must 
move in order to find free-air conditions. In other words, the wind 
tends to increase the diffusion gradient, and so increases the transpira- 
tion (or evaporation) rate. But a slight movement appears to satisfy 
this condition, and the correlation coefficients between wind and trans- 
piration (Table XXXVII) show that the variation in wind at Akron, 
where some wind nearly always occurs, has little influence on the trans-' 


» rn<wrfawtotliiBviewitinaybe»r^ thattheptontarttimato^a. 

S to 9 P. undoubtedly true, but it is also tme that durlnc the last named p^^the 

memoieturgidthanat 3 or 3 p. m,, the period during which the maximum traniidmtkmwteisaiiitmsrwsl* 






Jan. 5, 19*6 


Hourly Transpiration Rate on Clear Days 


641 


piration rate. In arriving at this conclusion it is again necessary to 
consider the correlation not only between wind and transpiration, but 
also between wind and radiation. If the wind influences transpiration 
independently of its association with radiation, the wind velocity must 
show a higher correlation with transpiration than with radiation. This 
occurs only during the long alfalfa period, in which there appears to 
be a slight effect due to wind. In all other cases the wind correlation 
with transpiration differs from the wind correlation with radiation by 
an amount not greater than the probable error of the difference. Here, 
again, we are making the specific assumption that the radiation is the 
primary causative factor, so that if wind is associated with transpiration 
to an extent no greater than with radiation its effect on transpiration 
is slight. This assumption is here again supported by the fact that the 
transpiration is extremely low during the night hours, although the wind 
is blowing. 

If transpiration and evaporation are largely determined by the same 
factors or, in other words, if transpiration is essentially a physical process, 
then a high correlation between transpiration and evaporation is to be 
expected. Reference to Table XXXVII will show that the correlation 
of evaporation with transpiration ranges from 0.84 to 0.95. The latter 
value is slightly higher than the maximum correlation (0.89) of radia- 
tion with transpiration and shows that 0.9 of the transpiration was in 
this instance determined by the same factors which determined the 
transpiration. 

The relation of evaporation to transpiration is to be considered as 
associative rather than causative, both responding to the same environ- 
mental factors, but not necessarily in precisely the same way or to the 
same degree. The extent of this association furthermore depends upon 
the manner in which evaporation is measured. For example, the evapora- 
tion rate from a free-water surface in a very shallow tank conforms much 
more closely to the transpiration rate than when a deep tank is used, 
since the latter, on account of its large heat capacity, stores up a large 
amount of energy which is dissipated through evaporation during the 
night. It is evident that the evaporiraeter must simulate the plant 
system as nearly as possible in absorption and heat capacity if a high 
degree of correlation between the two is to be attained. 

LEAST-SQUARE RELATIONSHIPS BETWEEN TRANSPIRATION (OR EVAP- 
ORATION) AND ENVIRONMENTAL FACTORS 

The method of least squares affords a means of determining the rela- 
tive influence of the various environmental factors upon the transpiration. 
In these least-square reductions (Merriman, 1893, and Bartlett, 1915) 
the mean hourly values have been used, and it has been assumed that 
the relationship is linear in character — ^i. e., that the transpiration varies 
directly in proportion to the intenrity of the environmental factors. 
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The results of the least-square reductions are presented graphically in 
figures 21 and 22. In all cases, the vertical component of the radiation 
has been employed rather than the radiation on a surface normal to the 
sun’s rays. The reason for this will be apparent from an inspection of 
the radiation and transpiration charts, where it will be seen that during 
the early morning hours the slope of the radiation graph is much greater 
than that of the transpiration graph for rye, alfalfa, and amaranthus. 
In other words, the transpiration rate does not increase nearly as rapidly 
as the normal component of the radiation during the early daylight hours. 
In a field of grain or alfalfa, considered as a whole, it is evident that the 
vertical component of the radiation would alone be effective. In the 
case of an isolated pot of plants standing on the transpiration scale, the 
horizontal component would also be effective. The extent to which this 
enters can not be directly determined, however, and in the following 
discussion the vertical component has been used throughout.^ 


TRANSPIRATION AS DETERMINED BY RADIATION AND TEMPERATURE 


The observed and computed transpiration graphs, the latter based on 
the assumption that the vertical component of the radiation and the air 
temperature are the primary controlling factors in transpiration, are 
given in figure 21. The computed equations are as follow^s: 

For rye 0.384 + 0.642 6 —T; 

For alfalfa 0.514 4-0.5 39 0==^ 7; 

For amaranthus 0.546 -1-0.443 B — T; 


in which 

Ry is the vertical component of radiation, 

B is the temperature rise, and 
T is the transpiration. 

In the above equations and in those which follow the hourly values for 
each term are expressed as a percentage of the maximum. In other 
words, the general dimensionless equation is of the form : 




R'v , . 

— +657 


7 ' 




in which the primed quantities represent observed values. 


> Calculatum of the vertical component of radiation . — If R represents the normal component ol the radiadon 
of the stm. Rv the vertical component, and h the aldtude— i. e.. the angular distance of the sun above the 
horizon— then; Rv'^R sin h. 

Expressing the altitude in terms of declination and hour angle (Smithsonian Institution, p. Ixviii), 
we have sin sin 0 sin S+cos 0 cos 2 cos f, 
in which 

0 >«the latitude of the place of observation; 

5 *" the declination of the sun — ^i. e., the angular distance above or below the Equator (front U. S. Navy 
Dept., Z913); and 

the hour angle— i. e., the angle between the meridian plane through the place and the meridian plane 
through the sun. 

Substituting, we have: 

Rv^R (dn 0 sin 3 +cos 0 00s £ cos 0 * 

The daily observations are express^ on the basis of mean sun time, tdticb introduce# a slight error in 
the calculation of the vertical radiation component* 
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An inspection of the curves in figure 21 will show that the computed 
graph agrees with the observed transpiration graph much better in the 
morning than in the afternoon,^ The computed graph always reaches its 
maximum in advance of the observed graph. The greater departures 
occur during the early afternoon and early evening. The agreement is 
by no means as good as is to be desired, and the graphs show clearly 
that transpiration can not be completely accounted for on the assumption 



/<TV» Tr»nap^r«^on corn/ou^ firom r»d<ai^ort 


Fn.. 21. — Gmphs shoviiifi the obscn'c-d transpimtion with that computed from vertical radiation and 
temperature (on the left) and from vertical radiation and saturatiou dehv.it (on the rij;ht). 

that the vertical component of radiation and the rise in temperature 
are the controlling factors. 

The relatl ^e values of the computed coellicients are of interest. In 
the case of alfalfa, the radiation is weighted 0.97 relative to temperature; 
amaranthus, i .23 ; and rye, 0.60. In this connection it should be recalled 
that rye shows a sudden change in the slope of the transpiration graph in 
the morning, differing markedly from alfalfa and amaranthus in this 
respect. 

'Since preparing figures ax and aa a recaI<|ilation based on more exact determinations of the vertical 
component of radiation has given computed J^luea of transpiration and evaixiralion which arc in some- 
what closer agreement with the observed values during the daylight hours than those indicated in the 
charts. The co efficie nts in the equations ar^lMsed upon the revised calculation. 
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TRANSPIRATION AS DETERMINED BY RADIATION AND SATURATION DEFICIT 

Corresponding graphs based upon vertical radiation and saturation 
deficit are also given in figure 21. The values for the latter term are 
computed from the mean hourly wet-bulb depression and the corre- 
sponding hourly air temperatures. The resulting equations follow: 

For rye 0.455 4*0.622 D^T; 

For alfalfa 0.538 i?v + o.553 D^T; 

For amaranthus 0.538 /^^4‘0.48i D—T; 

in which D represents the saturation deficit expressed as a percentage of 



Pio. 32 . — Graphs showing the observed evaporation with that com- 
puted by least-square methods from the vertical component of 
radiation and the saturation deficit 


the maximum, and the other symbols have the same meaning as before. 
An impection of the graphs shows them to be similar in form to those 
computed from radiation and temperature. The coefficients are also 
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similar to those of the former series. The ratio of the radiation to the 
saturation-deficit coefficient for the different plants is as follows: Rye, 
0.73; alfalfa, 0.97; amaranthus, 1.12. The equation for rye again shows 
the radiation to have the lesser influence of the two factors considered, 
while in the case of the other two plants, the radiation has an equal or 
greater influence*. The equations for the latter plants are in fair agree- 
ment, but in all cases discrepancies occur between the observed and com- 
puted curves, particularly during the early afternoon and early evening 
hours. 

EVAPORATION AS DETERMINED BY RADIATION AND SATURATION DEFICIT 

The evaporation rate from the shallow, blackened tank for the three 
transpiration periods just considered has also been computed, assuming 
the vertical radiation and the saturation deficit to be the controlling envi- 
ronmental factors. The observed and computed evaporation graphs are 
given in figure 22. The agreement during the r>"e and alfalfa periods is 
very satisfactory, but during the amaranthus period the departures are 
greater. The evaporation equations for the several periods are as 
follows : 

Rye period 0.787 /v\.-fo.292 

Alfalfa period 0.680 0.360 D^E; 

Amaranthus period 0.563 + 0.411 D=^E; 

in which E represents the evaporation expressed as a percentage of the 
maximum. 

It will be obseiA’cd that the radiation has a preponderating influence 
in each instance. 

DISCUSSION OF LEAST-SQUARE REDUCTIONS 

The least-square reductions again emphasize the fact that the trans- 
piration response to changing environmental conditions is not the same 
for different plants. In other words, the distribution of the transpira- 
tion loss through the day varies with different plants. Furthermore, the 
distribution of the transpiration loss differs from the distribution of the 
evaporation loss from a shallow tank. As a whole, the agreement 
between observed and computed evaporation is much closer than between 
observed and computed transpiration. Either some factor operative in 
transpiration yet remains to be accounted for or the transpiration system 
changes its coefficient during the day. The latter condition may result 
from stomatal control or through the inability of the plant to secure 
sufficient water to maintain complete turgidity during the day. The fact 
that the evaporation on dear days can be satisfactorily accounted for 
from a consideration of radiation and saturation deficit indicates that 
the essential environmental factors have been considered and suggests 
that the outstanding differences between observed and computed trans- 
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piration are due to differences in the plants or to some change in the 
plant as the day progresses. 

It is probable that plants differ also in their response to solar energy, 
the absorption coefficient of different plants not being the same, while 
the dissipation of the energy absorbed is quite different in different 
plants. In other words, the ratio of the energy dissipated through 
transpiration and lost by the plant through eniissivity is not the same 
for all species. Such changes probably occur also in the same plant 
during the daily cycle, which would modify the transpiration coefficient 
irrespective of the changes in physical conditions. 

SUMMARY 

This paper deals with measurements of transpiration on clear days at 
Akron, Colo., in relation to environmental factors. The plants, which 
included wheat, oats, rye, sorghum, alfalfa, and ainaranthus, were grown 
in large sealed pots of the type used in water-requirement measure- 
ments, containing sufficient soil (about 115 kgm.) to enable the plants to 
make a normal growth. The transpiration was determined by weigh- 
ing, four automatic platform scales recording each 20-gm. loss being used 
for the purpose. Automatic records were simultaneously made of the 
radiation intensity, the air temperature, the depression of the wet-bulb 
thermometer, the evaporation, and the wind velocity. The radiation 
intensity and the wet-bulb depression were measured by differential 
teletherraographs, and the evaporation rate from a free-water surface was 
determined by mounting a shallow, blackened evaporation tank 3 feet 
in diameter on an automatic platform scale. 

Composite graphs are presented, showing the mean hourly transpira- 
tion rate for each of the plants considered, together with the mean 
hourly values of the radiation, air temperature, wet-bulb depression, and 
wind velocity for the transpiration period and also the mean hourly 
evaporation rate. On the basis of the form of the curves the transpira- 
tion graphs may be grouped into two classes having characteristic 
features. The cereals show a marked change in the slope of the transpira- 
tion graph in the forenoon unaccompanied by corresponding change 
in the environmental factors. On the other hand, the forage plants 
and amaranthus give little or no indication of such a change. This 
flattening of the graphs in the case of the cereals appears to be due to 
some change in the plant, resulting in a reduction in the transpiration 
rate below what would be expected from the form of the curve during 
the early morning hours. 

The hourly transpiration rate of the cereals on clear days increased 
steadily, though not uniformly, from sunrise to a maximum value, usually 
reached between 2 and 4 p. m., after which it fell rapidly to the night 
level. The transpiration graphs for sorghum, alfalfa, and amaranthus 
were somewhat more symmetrical with respect to midday, reaching 
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their maximum between noon and 2 p. m., after which they fell approxi- 
mately with the radiation. 

The transpiration during the night at Akron is very low, being only 
3 to 5 per cent of the transpiration during the daylight hours. 

The radiation graphs are practically symmetrical with respect to noon, 
showing that the days selected were relatively dear. When all the 
mean hourly values are expressed as a percentage of the maximum, the 
radiation intensity rises in advance of the transpiration (and in advance 
of all the other environmental factors as wdl) and falls either in advance 
of the transpiration or with it, depending on the plant considered. Radia- 
tion then may be looked upon as the primary causative factor in the 
cydic changes. 

The air temperature and wet-bulb depression graphs are very similar 
in form, since the latter can be determined from the former on days 
in which the absolute humidity of the air is not changing. The transpira- 
tion graphs usually rise and always fall in advance of air temperature. 

The evaporation graph from the shallow, blackened tank (water 
approximately i cm. in depth) is similar in form to the graph representing 
the vertical component of radiation. This is to be expected, since only 
the vertical component would strike the horizontal water surface. The 
evaporation graph rises and falls wnth, or slightly later than, the vertical 
component of radiation. 

Computation of the correlation coefficients between transpiration and 
the various environmental factors shows the radiation, air-temperature, 
and wet-bulb depression to be correlated with transpiration approximately 
to the same degree. The correlation coefficients of transpiration with 
radiation range from 0.82 to 0.89; with temperature from 0.77 to 0.86; 
and with wet-bulb depression, from 0.75 to 0.85. These figures show 
the intercorrelations existing among the environmental factors, since 
the sum of the squares of the coeffidents of independent causative factors 
infiuendng transpiration can not exceed unity. If radiation is taken as 
the primary causative factor, the correlation coefficients show that 0.67 to 
0.77 of the transpiration on clear days tinder Akron conditions is deter- 
mined by the radiation intensity. 

If the environmental factors are considered as independent, their rela- 
tive influence on transpiration may be determined by the method of least 
squares. In the case of alfalfa and amaranthus, the vertical component 
of radiation and the temperature enter into the determination of transpira- 
tion in the ratio of i to i, approximately; and the corresponding ratios 
for vertical radiation and saturation deficit are approximately the same. 
On the other hand, in the case of rye, the radiation by this method of re- 
duction shows less influence than either temperature or saturation deficit 
on the transpiration rate, which from 9 a. m. to 2 p. m. shows a marked 
departure from the graph indicated by the transpiration during the 
early morning hours. 

17208®-.16 5 - 
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Least-square reductions of the dependence of transpiration upon 
radiation and air temperature or upon radiation and saturation deficit 
do not account entirely for the observed transpiration, although a satis- 
factory agreement between computed and observed evaporation is 
obtained by the use of these environmental factors. This indicates that 
the plant undergoes changes during the day which modify its transpira- 
tion coefficient. In other words, our results support the conclusion of 
other investigators that plants under conditions favoring high evapora- 
tion do not respond wholly as free evaporating systems, even if bounti- 
fully supplied with water and no visible wilting occurs. 
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PLATE LIII 

Cetuhcal view of the water requirement and transpiration experiments at Akrcm» 
Colo., on July B, 1913. The large, screened inclosure in which the transpiration 
measurements were made in 191s is shown at the right. The small instrument belter 
in the foiegioimd contained differential therxnographs for measuring wet^bulb deprea* 
idon and Shlar radiation. The glass envelope surroimding the bulb of the radiation 
instrument may be seen on the top of the instrument shelter. At the left in the 
foreground is idiown balance A, thq front of the box open, and the recording device 
imcoveted at the left. This balanceis carrying a pot of sunffower. The next balance, 
B, auTies the eviqxxration tank; balance C, another sunflower pot; and balance D, 
under the ^de at the left, a third sunflower pot. The exposure of balances A and 
as used in the 19x3 and 1914 determinaticms, is shown in this illustration, 
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PLATE LIV 


Fig. X. — Wheat on atitomatic balances in the screened inclosure, July 3, 19x2* 
flowing the exposure and arrangement of the 191a experiments. 

Fig. 2. — ^Automatic balances A, B, and C; A and C carry pots of cowpea and B car- 
ries the evaporation .tank. This shows the exposure of the plants in the 19x3 and 
X914 transpiration experiments. 



PLATE LV 


7 .— A pot of alfalfa showiiig the growth and size of plants used in the transpira- 
tion experiments. The pot is 26 inches high and 16 inches in diameter. 

^g, pot of Amaranthus retroflexus of the type used in the transpirathm 
measureinents. 

Fig* 3* — Evaporation tank mounted on automatic balance. The reservoir is ^wn 
above in the back. The tank has an area of 6,540 sq. cm. and the water is maintained 
at a depth of x cm. The balance recorder is ^own at the right and the anemometer 
at the left in the background. 









EFFECT OF NATURAE LOW TEMPERATURE ON - 
CERTAIN FUNGI AND BACTERIA 


By H. B. Bartbam, 

Assistant Plant Pathologist, Vermont Agricultural Experiment Station 

The effect of the very intense cold of northern winters on the life and 
viability of fungi and bacteria does not seem to have been tested exten* 
sively, yet its importance in checking the spread of plant infections from 
these sources would appear to be very great. 

Wolf ‘ has shown that certain parasitic and saprophytic ftmgi remain 
present and alive in Nebraska orchards during autumn, winter, and 
spring. The majority of the species are saprophytic, the more common 
ones being Aliemaria spp., Cladosporium spp., and PemciUium expansum. 
Only one para^te, the cause of leafspot, was present in abundance 
regardless of temperature. He found more spores in the air in neglected 
orchards than in well-cared-for ones and also found them to be much 
more abundant everywhere than commonly has been supposed. All bis 
determinations were made by exposing plates at various places in the 
orchard and then carefully studying and determining the colonies after 
they had developed. 

In the present study certain known fungi and bacteria were exposed 
in pure cultures to the low temperature of the winter months. The 
organisms were started upon nutrient agar in test tubes — ^i. e., allowed 
to grow at laboratory temperature for about one week after inoculation — 
and then these cultures were placed in a comcrib where there was a free 
circulation of air, but where they were protected from the rain and snow. 

The tubes were inoculated between December lo and i6 and were 
exposed in the outhouse on December ai, with the exception of Actino- 
myces organicus, which was not exposed until December 31. The cul- 
tures were undisturbed throughout the winter, during which time a 
minimum temperature of —24° C. was reached. The medium did not 
dry up to any extent, but was rather mmst when brought into the labora- 
tory, as the frequent freezings and thawings seemed to impair the solidi- 
fying power of the agar. 

On April 14 the cultures were brought into the laboratory and tested 
immediately for vitality. This was done by transferring part of the 
exposed culture to fresh nutrient-agar slants and allowing the new inocu- 
lations to grow at room temperature. In all cases except one the re- 
sponse to fresh agar was soon evident, but in the case of Actinomyces 

^ WoH, Iffe A. The jnevelottee of certain parasitic and saprophytic f utifi in ordiards* as detcnnined by 
plate ctUtures. In Plant World, v. 13, no. p. xtk-iTs, fif. t; no. 8. p. fig. 4*5. 19x0. 
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chromogenus the organism was probably killed by the low temperature. 
A large proportion of the conidia of both strains of Sclerotinia cinerea were 
found to be capable of germination. Table I gives the organisms and 
materials used and the results obtained. 


TablG I . — Results of tesU for vitality of various orqanisms after exposure to low tempera’^ 

lures (1Q12-13) 


Organisni. 

Medium. 


Synthetic agar. . 

Sderoimia emerta (Vermont 
culture). 

Altefnafie solani 

Eima-bean agar. 
Synthetic agar. . 


ShkeeroPsis tttalorufn. 

l^usaritifn sp. of cmiifers 

.... .do 

GloinertUa rufotnaculans. 

do 

Sderoimiacinerea (culture from 
New Jersey Experiment 
SUtion). 

I*Iowrifhtia morhosa 


do 

Vsfifuf ta ifteQUidts 


j 4 ctinomyus orgaiticus 

Plain agar 

A citHomycts ckrowogtnus 

. . . . .do 




Response of the mycelitim. 


Excellent growth in 9 days, with production of spores. 
Excellent growth in 36 hours; many conidia produced. 

Good growth after 2 days. 

Good growth after 6 days; slow to start. 

Slow growing at first; very good later. 

Excellent growth in 5 da3rs over entire slant. Two 
trials needed to get results. 

Started after z day and grew quickly. 

Very good growth in s days. 


Excellent growth after 1 day. 

Good growth in 5 days with fruiting. Two trials neces- 
sary to get results. 

Good growth in 2 tubes in 6 days. 

No growth after a month. No growth on second trial. 


The results secured during the winter of 1912-13 were so encouraging 
that further trials were made the following winter. Several organisms 
not tested previously were exposed with those first used, and the varie- 
ties used the first winter were tested on different media. 

Since organisms in nature would be necessarily in a dry state during 
the winter and without much, if any, nourishment, it was the aim of 
the author to imitate for his pure cultures these conditions so far as pos- 
sible. Accordingly, dry cultures of the various fungi chosen for this 
work, as well as the cultures on nutrient media, were exposed during the 
winter of 1 91 3-14. These dry cultures were made by removing the 
growth of the fungus from the surface of the agar with a sterile needle 
and placing it in an empty, plugged, sterile test tube. A little of the 
agar was necessarily carried over with the fungus, but not enough to 
supply it with moisture or food for any length of time. In the case of 
the bacteria, some of the material from an agar slant was swabbed out 
with pieces of sterile cotton and placed in plugged, sterile test tubes. 
All of the cultures thus transferred were dried for 10 days in a warm 
closet in the laboratory before being exposed. It was expected that the 
question of food could be practically eliminated, while moisture was 
available only as it was carried by the air to the cultures. 

The cultures were, all prepared earlier the second season, and they were 
placed in the same comcrib on December 13, 1913. Along with the cul- 
tures was placed a Draper self-registering thermometer, in order that a 
comparative record might be kept of the temperatures to which the or- 
ganisms would be exposed. This thermometer did not register accu- 
xately below - 27^ C., so that during the three periods when the tempera- 
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ture fell below that point the official records of the Weather Bureau 
were considered as applicable to this test. The temperature was recorded 
from the date of exposure to March i, 1914. 

Table II summarizes briefly the extremes of temperature in the corn- 
crib and also gives the lowest official record during each week of exposure. 

Tabi^S II . — Temperature records at Burlington, Vt., during winter of igij--i4 


Date. 

Range in comcrib. 

Lowest official 
record. 

Dec. 12—10. loi^ 

•c. 

7 to -13 

4. 5 to — 9 

— 4 5 to —23 

0 to —19 

2 to —29 

— 4 to —22. 8 

7 to —20.5 
4. 5 to -14 

2. 8 to —26. 6 

— 4 to —26 

10 to —23. 3 

•c. 

-14 

- 9.4 

a -24. 4 
-205 
b -32 
""23.3 
—22 

Dec. 10—26. 101 

Dec. 26, 1913— Jan. 2, 1914 

Tan. 2—0. 1014. 

Tan. 0—16. 1014 

Tan. 16-22, 1014 

Tan. 22~2o, 1014 

Tan. 20-Feb. 6, 1014 

Feb. 6-12. 1014 

c -30 

•* -aj- 7 

e -25 

Feb. i2~20, 1014 

Feb. 20-28, 1914 



«Jan. I. b Jan. 14. «Bcb. la. <*Feb. 16. <pFeb. 25. 


Tests were made of the vitality of the cultures on January 17, February 
21, and March 27. These tests were made by transferring some of the 
growth from duplicate tubes of all the exposed cultures to fresh media 
of corresponding kind and holding at room temperature (19 to 22° C.) 
for several days. An abundance of tubes had been prepared, so that 
when the transfers showed no growth at the end of seven days two more 
exposed tubes could be brought in and tested. It will be noted that the 
first test for vitality was made on January 17, immediately following 
the extremely cold weather of January 13 and 14, when the official 
record was —30° and -32° C., respectively. Many of the organistns 
had withstood temperatures of — 24° the previous winter, so it was not 
thought necessary to test any of them until they had experienced more 
severe cold. In Table III the results of these tests are summarized. 
Each sign used indicates the response of one culture; the plus ( + ) signs 
indicate growth, and the minus ( — ) signs mean that the culture was 
dead; “c” denotes contamination of the culture. 
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If the results of the exposures of these organisms to low temperature 
are summarized, it will be noted that five fungi, Sclerotinia cinerea, 
Cepkaloihecium roseum^ Glomerella rufonuiciUans ^ Venturia inequaliSj 
and Ascochyta colorata, lived over winter under all conditions of expo- 
sure; while four others, Aliernaria solani, Cylindrosporium pomi, Plow- 
rightia morbosa, and Phytophthora omnivora, lived over on some media 
but not on others. One fungus, Fusarium sp. of conifers, succumbed 
to the low temperature, while two others, Colleiotrichum Lindemuthianum 
and Sphaeropsis nudorum, were so weak that only under very favor- 
able conditions would they respond to fresh media. Only two of the 
six kinds of bacteria exposed can be safely said to have survived — 
Bacillus melonis and Actinomyces chromogenus. Transfers from ex- 
posed cultures of B. melonis were found to agree in all distinctive 
characters with those given by Giddings. It is to be noted that this 
organism forms no spores. The growth of transfers from exposed 
cultures of Actinomyces chromogenus was very characteristic and hardly 
mistakable for any other organism. In regard to the other bacterial 
cultures, it may be said that they were more or less contaminated during 
the exposure; and although some of the transfers from them resemble 
the original growth, this was not well enough marked to prevent all 
suspicion. On the whole, the various organisms seem to withstand 
exposure better in a dry condition than when food and moisture are 
present. 

' Thinking that some of the organisms might die from natural causes 
other than the exposure to low temperature, the author retained part 
of the culture made for this test indoors as a check. They were kept 
in a cool room (14 to 20® C.) throughout the winter and tested for vitality 
late in March, 1914. In practically every case these cultures were 
living at that time, and no organism given in Table III can be said 
to have died otherwise than by exposure to low temperature. 

No entirely satisfactory explanation has been offered as yet of the 
changes which take place in fungi and bacteria during or after exposure 
to extreme cold. The results obtained by the author throw little or 
no light on the manner of the freezing nor on the subsequent death. 
The present work is a record of the fact that certain fungi and bacteria 
are able to withstand extreme cold, while others succumb to it, but 
does not attempt to advance any theory as to the internal changes 
which contribute to the weakening or death of the organisms thus tested. 
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EFFECT OF COLD-STORAGE TEMPERATURES UPON THE 
MEDITERRANEAN FRUIT FLY 

By R. A. Back, Entomological Assistant, and C. R. Pemberton, Scientific Assist- 
ant, Mediterranean Fruit-Fly Investigations, Bureau of Entomology 

INTRODUCTION 

Since the introduction of the Mediterranean fruit fly (Cerafitis capitata 
Wied.) into the Hawaiian Islands and the subsequent quarantines 
against Hawaiian fruits, the problem of the fruit grower in these islands 
has been how to use his fruit to advantage at home. Many host fruits 
of the fruit fly are ruined long before they are suitable for either the 
table or storage. There are, however, other fruits, such as the avocado 
(Per sea gratis sima) and certain varieties of mangos (Mangifera indica) 
and star-apples (Chrysophyllum cainto), which, while often becoming too 
badly infested to be of use if left to ripen normally upon the tree, become 
infested so late in their development tha:t they may be preserved for 
commerce if they respond favorably to cold storage, and if such cold 
storage kills whatever stages of the fruit fly may be present in the fruit 
when picked. 

The experimental work reported in this paper was undertaken primarily 
with the hope that it would be an aid in solving the discouraging prob- 
lems of the local horticulturists. But whatever its value in this direc- 
tion, it now appears that the results may be of much greater commercial 
importance in defining the conditions tmder which cold-storage tempera- 
tures will kill the fruit fly in stored fruits, thus rendering them free from 
danger as transporters of this pest from one country to another or even 
from one infested district to another in host fruits. 

HISTORICAL RRVIRW 

Cold-storage temperatures have been used in economic entomology in 
the past more to susi>end insect activity than to cause death, except in 
the case of the Mediterranean fruit-fly work in Australia and Africa. 
The first practical use of cold-storage temperatures known to the writers 
was made by the manager of a large storage-warehouse company of 
Washington, D. C., in an attempt to find a safe method of protecting 
clothing from insect ravages during the warmer period of the year. At 
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the suggestion and with the assistance of Dr. L. O. Howard experiments 
were carried on to determine the effect of cold-storage temperatures upon 
still other insects affecting stored goods. Dr. Howard (i)/ in a paper 
read before the eighth annual meeting of the Association of Economic 
Entomologists in 1896, discussed for the first time in professional ento- 
mological literature the important use to which cold-storage tempera- 
tures may be put in controlling insects. In 1905 Duvel (2), while 
investigating the storage of cowpeas {Vigna sinensis), found that storage 
at 32° to 34° F. was entirely practicable and economical in combating 
the common bean weevil {Bruchus ohtectus), the cowpea weevil (Bruchus 
chinensis), and the four-spotted bean weevil {Bruchus quadrimaculatus). 

While the work referred to above was carried on primarily to safeguard 
produce and stored goods from attack during certain periods when pests 
are active, experiments to determine the effect of cold-storage tempera- 
tures upon the Mediterranean fruit fly have been undertaken with the 
object of killing the various stages within the fruit. The interest in 
this work in Africa and Australia has grown out of the fact that the 
growers have sought for their surplus fruit markets in northern Europe, 
England, and North America, and even in South America, China, and 
the Hawaiian Islands. To reach these markets their fruits must be in 
transit a sufficiently long time for infestations overlooked at the packing 
houses to cause considerable decay unless the cold-storage temperature 
to which the fruit is subjected en route either suspends or kills chance 
cases of infestation. 

In 1906, Fuller (3) recorded the resistance of fruit-fly larvae in a cer- 
tain lot of peaches in Natal to 40° F. for 1 24 days. The writers question 
the accuracy of this statement, as they have been unable at this tem- 
perature to keep larvae or eggs alive for more than 22 days, in tests 
covering several thousand larvae and eggs (see Table I). Fuller believes 
from his observation that cold storage as a method of substitution for 
quarantines involves considerable risk. 

Lounsbury (4) states in 1907 that experiments conducted by him in 
South Africa indicate that a temperature of 38° to 40°, continued for 
three weeks, is sufficient to insure the death of all fruit-fly larvae in 
infested fruit, that two weeks at such a temperature causes considerable 
mortality, and that one week is thoroughly ineffective. In 1908, in a 
second paper (6), he records no living larvae among 51 1 specimens found 
in peaches held for 21 and 27 days at 38° to 40®. It is his belief that 
the storage temperature necessary for the preservation of fruit in transit 
from Africa to countries of the Northern Hemisphere and to America is 
amply low to effect the extinction of all life in larvae and eggs of the 
fruit fly contained within it. 

Hooper (5) recorded in 1907 in West Australia that he had found that 
larvae and eggs of the fruit fly could not resist temperatures ranging from 


1 Reference is made by number to Literature dted, p. 665-666. 
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33® to 35® for more than 15 days, and advised that fruit kept within 
this range of temperature for three weeks would be perfectly free from 
living forms. His report indicates that the work was done carefully. 

The work of Wilcox and Hunn (7) in 1914 has shown that such semi- 
tropical host fruits as the star-apple, fig (Ficus spp.), papaya (Carica 
papaya) t mango, and avocado withstand without injury to texture or 
flavor a temperature slightly above 32® for from 27 days in the case of 
papaya to two months in the case of the avocado. Such periods at 32° 
are well above the margin of safety for complete mortality of the larvae 
and eggs of the fruit fly. 

EXPERIMENTAL WORK 

In determining the effect of cold-storage temperatures upon the eggs 
and larvae of the Mediterranean fruit fly, the writers have been fortunate 
in securing the cooperation of an ice company during 1913 and of an 
electric company during 1914 and 1915. At the cold-storage plants of 
these companies there were to be had all the facilities found in modern^ 
well-regulated cold-storage plants. While an abundance of fruit-fly 
material is to be had in and about Honolulu, the writers have preferred 
in their work to infest in the insectary host fruits known to be previously 
free from attack. As no such fruits can be found in Hawaii under 
natural conditions, apples (Malus spp.) from California were used. These 
fruits were suspended for several hours in jars containing several hundred 
ovipositing fruit flies and then removed and held in the insectary for the 
number of days which experience had shown was necessary for the flies 
within to reach the stages desired for experiment. In this way larger 
amounts of material in definite stages could be used at one time than 
othervvdse. While much of the data recorded in Table I was secured 
from fruit flies in apples, a sufficient amount, including observ^ations on 
many thousands of eggs and larvae, has been secured from fruit flies in 
peaches and kamani nuts (Termi'nalia catappa), as checks, to prove that 
there is no probability that the nature of the host fruit affects the action 
of temperatures. 

No examination of material to determine the effect of various tem- 
peratures was made until the host fruits had been removed from storage 
from 24 to 48 hours. By placing the host fruits within storage the eggs 
and larvae were under normal conditions. On examination the eggs were 
dissected out of the punctures and placed in moist chambers where all 
that hatched might be recorded. Larvae found torpid though normal in 
color on examination within 24 to 48 hours after removal from storage 
invariably failed to resume activity. 

THE EGG 

No eggs hatch in cold storage if held at temperatures below 50® F. 

A temperature of 32® proved quickly fatal to eggs. A total of 6,747 
eggs were under observation. No eggs hatched upon removal from 
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storage after the ninth day of refrigeration. Only one egg hatched on 
the ninth day, and but 2 out of 2,327 removed on the seventh, eighth 
and ninth days. After the tenth to fifteenth days of refrigeration, 
2,221 eggs were removed to warmer temperature, but none hatched. 
Mortality increased rapidly after the fourth day of refrigeration; thus, on 
the fifth day only 15 out of 735 eggs hatched. (See Table I.) 

TablU I. — Effect of cold-storage temperatures upon eggs and larva: of the Mediterranean 

fruit fly 


Number of days in 
cold storage. 

Tempera- 
ture of 
storage 
room 

Kggs 

Larvae. 

Number 

under 

observa- 

tion 

Num- 

ber 

hatch- 

ing 

after re- 
moval 
from 
storage. 

First mstar 

Second instar. 

Third instar. 

Niun- 

ber 

ahve. 

Num- 

ber 

dead. 

Num- 

ber 

alive. 

Num- 

ber 

dead. 

Num- 

ber 

alive. 

1 

Num- 

ber 

dead. 











T 

32 

81 

81 



252 

40 

33 

7 







2 

32 

528 

520 

94 

0 

463 

9 

53 

2 

3 

32 


135 

37 

I 

226 

15 

16 

75 

4 

32 

336 

216 

28s 

26 

152 

0 

lOI 

3 

c 

32 

73 S 

15 

196 

202 

71 

175 







6 

32 

469 

12 

26 

165 

18 

50 

105 

10 

7 

32 

659 

I 

II 

454 

14 

64 

135 

132 

8 

32 

834 

0 

2 

845 

20 

423 

38 

200 

9 

32 

734 

I 

0 

339 

II 

473 

20 

429 

10 

'?2 



0 

701 

0 

2 C 7 



11 

32 

635 

0 

0 

450 

0 

332 

6 

374 

13 

32 

887 

0 

0 

440 

0 

493 

0 

157 

13 

32 



0 

355 

0 

276 

0 

173 

14 

32 

699 

0 

0 

273 

0 

248 

0 

152 

IC 

32 





0 

262 

Q 











2 

32-33 



86 

0 

78 

0 

3 

0 

3 

32-33 



154 

I 

146 

2 

89 

0 

4 

32-33 



46 

0 

73 

0 

32 

0 

5 

32-33 



96 

0 

39 

0 

30 

0 

6 

32-33 

152 

23 

279 

7 

8 

I 

24 

0 

7 

32-33 



31 

I 

16 

II 

9 

0 

8 

32-33 

401 

5 

35 

163 

3 

27 

10 

16 

9 

32-33 



0 

169 

0 

167 

2 

14 

JO 

32-33 

357 

0 

2 

179 

0 

no 

0 

31 

12 

32-33 

784 

0 

0 

880 

0 

86 

0 

35 

13 

32-33 

900 

0 

0 

637 

0 

35 

0 

2 

14 

32-33 

I, OOi 

0 

0 

425 

0 

42 

0 

28 

15 

32-33 

I, I 2 I 

0 

0 






16 

32-33 

312 

0 

0 

KIQ 

0 




17 

32-33 


0 

143 

0 

29 

0 

3 

3 

33~34 



60 

0 

94 

0 

55 

0 

4 

33-34 



108 

2 

107 

2 

68 

0 

5 

33-34 



42 

26 

70 

28 



6 

33- k 



68 

32 

/y 

286 

169 

8 

5 

7 

33-34 



75 

20 

81 

100 

55 

I 

8 

1 33-34 

300 

45 

46 

20 

35 

175 

51 

48 

9 

34-34 

500 

0 

38 

207 

48 

456 

31 

189 

10 

33-34 

541 

0 

4 

1,446 

32 

296 

0 

48 

II 

33-34 



0 

72 

0 

314 

4 

126 

12 

33-34 

358 

0 

I’ 

215 

0 

509 

0 

48 

13 

1 33-34 



2 

632 

0 

38s 

0 

4 



jBD. 10 , i»»6 Effect of Cold Storage on Mediterranean Fruit Fly 66i 


TABifiS I . — Effect of cold-storage temperatures upon eggs and larvce of the Mediterranean 

fruit fly — Continued 


Number of day? in 
cx)ld storage. 

Tempera- 
ture of 
storage 
room. 

Eggs 

Larvae. 

Number 

under 

observa- 

tion. 

Num- 

ber 

hatch- 

ing 

after re- 
moval 
from 
storage 

First instar 


Third instar. 

Num- 

ber 

alive 



Num- 

ber 

dead. 

Num- 

ber 

ahve. 

Num- 

ber 

dead. 


•F. 









14 

33-34 

1.03s 

0 

0 

76 

0 

245 

0 

49 

15 

33-34 

746 

0 

0 

710 

0 

301 

3 

154 

16 

33-34 

1.058 

0 

I 

763 

0 

65 

0 

53 

17 

33-34 

5^3 

0 

0 

521 

0 

45 

0 

134 

18 


1, 000 

0 

0 

<14 

0 

46 



19 

00 0^ 

33-34 



0 

221 

0 

67 

0 

18 

8 






0 

II 

7 

170 

0 






0 

21 

I 

176 

10 

2.A—26 



0 

44 

0 

8 

K 

321 

II 

34-36 

236 

0 

0 

192 

0 

60 

0 

225 

12 




0 

74 



0 

138 

4 

^00 

12 


241 

0 


0 

84 

0 

436 

14 

34-36 


0 

Ill 

0 

19 

0 

354 

IS 

34-36 



0 

42 

0 

6 

0 

158 

2 

36 

167 

13 1 



120 

c 

242 

2 







3 

36 

281 

261 

166 

3 

261 

I 

260 

6 

4 

36 

419 

419 

127 

2 

245 

4 

180 

22 

5 

36 

433 

405 

288 

2 

473 

25 

256 

24 

6 

36 

365 

254 

75 

57 

334 

12 

158 

77 

7 

36 

184 

150 

28 

142 

147 

43 

62 

157 

8 

36 

454 

264 

I 

382 

0 

323 

33 

363 

9 

36 

858 

335 

I 

475 

0 

300 

2 

402 

10 

36 

301 

27 

0 

494 

0 

385 

0 

160 

II 

36 

652 

! 2 

0 

588 

0 

437 

0 

186 

12 

36 

728 

0 

0 

670 

0 

858 

0 

213 

13 

36 

534 


0 

504 

0 

91 

0 

364 

14 

36 

463 

0 

0 

443 

0 

54 

1 

261 

15 

36 

568 

0 

0 

573 

0 

22 

I 

198 

16 

26 

480 

0 



0 

38 

0 

251 

17 

O'' 

36 

532 

0 





1 

36-40 





42 

2 











4 

26-40 





127 

46 




36-40 





! 123 

3 











6 

36—40 





127 

25 

... 


7 

36—40 





18 

94 



8 

26—40 





0 

13 

60 

258 

9 

36-40 

136 

1 

0 



! 0 

25 

3 

112 

10 

26—40 

128 

0 







II 

36-40 

12$ 

1 ® 

0 

102 

0 

18 

0 

27 s 

12 

36-40 

122 

0 

0 

23 

0 

12 

0 

256 

12 

36-40 





0 

25 

0 

352 








14 

36-40 

i8s 

0 

0 

32 

0 

275 

0 

522 

ic 

36-40 




t 

0 

218 

. 0 

163 

16 

26-40 



0 

48 

0 

60 

0 

324 

17 

26—40 

106 

0 


0 


J 

16:::::::::::;::;: 

36—40 



0 

118 

0 

18 

0 

97 

10 

26—40 

210 

0 






•y* 

ao 

36-40 



0 

16 

0 
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Tabu]® I . — Effect of cold-storage temperatures upon eggs and larva of the Mediterranean 

fruit fly — ^Continued 


Ntixnber of days in 
cold storage. 


10 

12 

n 

14 

15 

16 

20 

28 

30 

2 

3 

4 

I 
8 
9 

II 

14 

15 

19 

20 

21 

22 

23 

24 

25 

26 

28 

29 

31 

32 

36 

37 
3B 

39 

40 

41 

42 

44 

45 

46 


Tempera' 
ture of 
storage 


Eggs. 


“F. 

3B-40 

38-40 

38-40 

38-40 

38-40 

38-40 

38-40 

38-40 

38-40 

38-40 

38-40 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 

40-45 


Number 

under 

observe' 

tion. 


55 

26 

8 

16 

14 

31 

14 
31 
30 

26 

21 

67 

127 

50 

15 

21 

38 


Num- 

ber 

hatch- 

lafter re-j 
moval 
from 
storage. 


12 

19 

0 

3 

12 

7 

17 

1 

1 

o 

6 

o 

2 
o 
o 
o 
o 
o 


Ivarvse. 


First instar. Second instar. Third instar. 


Num- 

ber 

alive. 


38 

4 

3 

o 

15 

o 

o 

o 

o 

o 

o 


Num- 

ber 

dead 


Num- 

ber 

alive 


8 

19 

8 

25 

26 

19 

60 

15 

0 

36 

17 

40 

46 

5 

24 

99 

14 

148 

42 

0 

39 

43 1 

0 

84 

18 

0 

133 

33 

44 

0 

27 


37 

79 

107 


92 

68 

14 

30 

0 

1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


Num- 

ber 

dead 


34 

79 

130 


97 

182 

281 

95 

9 

131 

161 

8 

290 

218 

345 

204 

42 

84 

112 

92 

39 

36 

23 


Num- 

ber 

alive. 


JO 

36 


80 

138 

187 


160 

125 

89 

106 

27 

4 

5 
7 
3 
7 

1 

o 

2 

o 

0 

1 

o 


Num- 

ber 

dead. 


25 

3 


56 

135 

103 


226 

220 

88 

320 

208 

112 

201 

139 

313 

397 

393 

377 

38s 

401 

330 

292 

200 

689 

476 


Temperatures ranging from 32® to 33® proved equally fatal, the effect 
on 5,055 eggs being practically identical with that recorded for an even 
32® F. Thus, no eggs hatched from batches removed between the ninth 
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and sixteenth days of refrigeration, although 4475 were under observa- 
tion. Only 5 eggs hatched out of 401 removed on the eighth day, and 
23 out of 152 removed on the sixth day. 

Temperatures ranging from 33® to 34® proved fatal after the eighth 
day; 45 eggs out of 300 removed on the eighth day hatched. No eggs 
hatched out of 6,051 removed between the ninth and eighteenth days 
of refrigeration. 

At 34° to 36° eggs were examined only on the eleventh and thirteenth 
days of refrigeration. No eggs hatched out of 236 and 241 removed 
after these periods of refrigeration. 

All the eggs subjected to a temperature of 36® were not killed until 
after the eleventh day of refrigeration. Out of 652 eggs removed from 
storage on the eleventh day, 2 hatched; and out of 301 eggs removed 
after 10 days, 27 hatched. No eggs hatched out of 3,305 removed after 
from 12 to 17 days of refrigeration. No appreciable mortality occurred 
at this temperature until after one week. 

No eggs held at 36° to 40^ were examined until the ninth day of 
refrigeration. Out of 1,012 eggs removed in small batches daily between 
the ninth and nineteenth days of refrigeration, none hatched. 

Only 602 eggs were used for refrigeration at 40° to 45*^. No eggs 
hatched after a refrigeration of 21 days. Two eggs out of 67 refrigerated 
for 20 days hatched on removal to the laboratory. No eggs hatched of 
those removed after 21 to 25 days of refrigeration. 

THE LARVA 

Larvae in the third instar proved more resistant to cold than larvae 
in the first and second; and all instars are generally more resistant to 
low temperatures than are the eggs. (See Table I.) 

A temperature of 32^ F. was foimd fatal to lar\^ae of the first instar 
after the eighth day of refrigeration; 2,558 larvae removed after refrig- 
eration from 9 to 14 days were found to be dead. The data in Table I 
show that 2 out of 845 were alive on the eighth day of refrigeration 
and only ii out of 454 on the seventh day. This temperature did not 
appear to affect the first-stage larvae appreciably until after the fifth 
day of refrigeration. Larvae of the second instar failed to live alter the 
ninth day, and very few lived that long; but ii out of 473 and 20 out of 
423, respectively, were alive after the eighth and ninth days of refrig- 
eration. All of 1,868 second-instar larvae were found dead on removal 
from storage after the tenth to fifteenth days of refrigeration. Only 6 
out of 332 larvae of the third instar were alive on the eleventh day of 
refrigeration; 626 larvae removed after 12 to 15 days of refrigeration 
were found dead. 

A temperature of 32® to 33® had practically the same effect upon 
5,352 larvae as did 32®, 
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Temperatures ranging from 33® to 34° did not prove* entirely fatal 
to the first-instar larvae until the seventeenth day of refrigeration; one 
larva out of 763 was alive on the sixteenth day. This was very excep- 
tional and demonstrates the value of using an abundance of material 
and of continuing examinations after all larvae seem to have been killed. 
Only 4 out of 1,446 were alive after 10 days of refrigeration; i out of 
215 after 12 days, and 2 out of 632 adter the thirteenth day of refrigera- 
tion. First-instar larvae to the number of 1,256, removed after the 
seventeenth, eighteenth, and nineteenth days of refrigeration, were all 
dead. No second-instar larvae subjected to 33® to 34® were found alive 
after the tenth day of refrigeration; 1,997 removed after ii to 19 days 
of refrigeration were all dead. A few third-instar larvae subjected to 
33® to 34® lived until the fifteenth day of refrigeration, but none for a 
longer time. After the ninth day no larvae were found alive, except 
during the examinations made after the eleventh and the fifteenth days 
of refrigeration, when 4 out of 126 and 3 out of 154, respectively, were 
found alive. A study of the data in Table I shows that a temperature 
of 34® to 36® had practically the same effect upon 1,615 larvae as did 
that of 33® to 34®. 

A temperature of 36® proved fatal to first-instar larvae after the tenth 
day. After the ninth day of refrigeration i out of 476 was found 
alive. No living first-instar larvae out of 3,272 were found alive after 
refrigeration from 10 to 15 days. The mortality at this temperature 
among first-instar larvae became very noticeable after the sixth day of 
refrigeration, when 57 out of 132 larvae were found dead. No second- 
instar larvae were found alive after the eighth day of refrigeration; thus, 
all of 2,508 removed after refrigeration from 8 to 16 days were found 
dead. No third-instar larva was found alive after the ninth day of 
refrigeration, except on the fourteenth and fifteenth days, when i living 
larva was found out of 262 and 199 larvae examined. After the ninth 
day but 2 out of 404 larvae were found alive. 

Temperature, 36® to 40® F. : No examinations were made to deter- 
mine the effect of this temperature on the first-instar larvae until after 
the tenth day of refrigeration. Of 339 larvae removed after refrigeration 
from II to 20 days, none was alive. No living second-instar larva was 
found alive after the eighth day of refrigeration; after the seventh day 
18 out of 1 12 were found alive. All of 868 second-instar larvae removed 
after refrigeration from 8 to 20 days were dead. No living third-instar 
larva was found after refrigeration for 10 days, 3 out of 115 being 
alive after refrigeration for 9 days. All of 1,989 larvae removed after 
refrigeration from ii to 18 days were dead. 

Temperature, 38® to 40® F. ; All of 279 first-instar larvae removed 
from storage after refrigeration from 16 to 30 days were dead, 15 out of 
61 being alive after refrigeration for 15 days. No living second-stage 
larva was found after refrigeration from 20 to 28 days. No examina- 
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tions were made on the seventeenth, eighteenth, and nineteenth days; 
on the sixteenth day of refrigeration 14 out of 162 second-instar larvae 
were alive. Third-instar larvae were found alive after refrigeration for 
20 days. No examinations were made between the twenty-first and 
twenty-fourth days, but no living third-instar larvae were found during 
examinations of larvae after the twenty-fifth and twenty-eighth days of 
refrigeration. 

The warmest temperatures to which fruit flies were subjected ranged 
from 40° to 45°. Only larvae of the second and third instars were used. 
One second-instar larva was alive on the twenty-ninth day, but no living 
second-instar larvae were found thereafter, although a total of 1,658 
larvae were examined after refrigeration from 31 to 46 days. One third- 
instar larva was alive on the forty-fifth day. All of 476 third-instar 
larvae examined on the forty-sixth day of refrigeration were dead. More 
data at this temperature are desirable to fix the limit safely in so far as 
the mature larvae are concerned. Fruit is not, however, held at such 
high temperature as 40° to 45® for periods sufficiently long to kill the 
fruit-fly larvae; hence, the eflfect of these temperatures is of far less 
importance than that of temperatures ranging from 32® to 40®. 

CONCLUSION 

The data contained in this paper show that no eggs or larvae of the 
Mediterranean fruit fly survived refrigeration at 40® to 45® F. for seven 
weeks, at 33® to 40® for three weeks, or at 32° to 33® for two weeks. 
They may lead to the modification of existing quarantines and encourage 
the refrigeration of fruit subject to fruit-fly attack. It seems reasonable 
to conclude that sooner or later the certification of properly refrigerated 
fruit will be practicable. When an association of fruit growers or a people 
find it financially worth while there is no reason why they can not operate 
a central refrigeration plant under the supervision of an official whose 
reputation shall be sufficient to guarantee all fruits sent out from the plant 
to be absolutely free from danger as carriers of the Mediterranean fruit fly. 
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BIOCHEMICAL COMPARISONS BETWEEN MATURE BEEF 
AND IMMATURE VEAL' 

By William N. Bbrg, 

Biological Chemist, Pathological Division^ Bureau of Animal Industry 
INTRODUCTION 

Several excellent treatises on dietetics contain statements to the effect 
that immature veal — i. e., veal that is about 3 weeks old or less — ^is unfit 
for human food, but these statements apparently are not based upon 
experimental data. At least, a search of the literature showed that too 
few workers have studied this subject. Certain European writers say 
that immature veal is bad because certain American laws forbid the sale 
of veal less than 3 or 4 weeks of age. Conversely, the American laws 
were based, to some extent, at least, upon European opinion. The 
desirability of further experimental work was very apparent several years 
ago to Drs. Melvin and Mohler, of the Bureau of Animal Industry, who 
started the present investigation. 

The following quotations are typical of the existing literature on the 
subject : 

Thompson (1909, p. i4i)‘^ Veal, especially when obtained from animals killed too 
young, is unusually tough, pale, dry, and indigestible; but when the animals are 
slaughtered at the ripe age, the meat is sometimes tender, and is regarded by many as 
nutritious. It differs considerably from beef in flavor, and contains more gelatin and 
water but less fat and protein. Veal broth is nutritious, and affords a wholesome 
variety in tlie dietary for the sick. When too much is given it may excite diarrhea. 
Veal is much more used for invalids in Germany than elsewhere, although it figures 
less conspicuously in hospital dietaries there now than formerly. Bauer declares it 
to be more digestible than beef, but Pavy says, referring to botli veal and lamb, “they 
are meats that it is desirable to avoid, generally speaking, in case of dyspepsia,” and 
this opinion is prevalent in America as well as in England. 

Also (p. 420): The meat of very young animals should never be eaten, and the sale 
of young or “ bob * * veal two or three weeks old is prohibited by law. It is indigestible, 
innutritions, and readily decomposes. 

Hutchinson states (1911, p. 67-68): Veal is believed to be somewhat difficult of 
digestion, a belief which is confirmed by experiment, for it required two and a half 
hours for its digestion, as compared with two hours for beef (Jessen). The difficulty 
of digesting veal is somewhat surprising, for the connective tissue, though abundant, 
is very easily changed into gelatin. It is believed by some that the explanation is to 
be found in the ease with which the fibers of veal elude the teeth on mastication. 

* The object of the present work was to ascertain whether the flesh of calves 3 weeks of age and under is 
or is not fit for human food. The work was begun in the spring of igia at the suggestion of Br. John R. 
Mohler, then Chief of the Pathological Division, Bureau of Animal Industry, and continued with little 
interruption up to the fall of 19x4. The writer is indebted to Dr. Mohler for his very effective interest in 
the work and for many valuable suggestions. 

* Bibliographic citations in parentheses refer to Literature dted,*' p. 708^7x1. 
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No experimental data on the digestibility of veal were found in the 
writings of Bauer (1885) and Pavy (1881), referred to by Thompson; 
there was nothing more than the statement that veal was not easily 
digested. 

Although the above-mentioned work of Jessen (1883) was apparently 
done as accurately as the technic of that day permitted, it was far from 
conclusive, partly because the experiments were not numerous enough 
and partly because biochemical methods for accurately measuring the 
speed of digestion from one stage to another had not been developed. 
In fact, the fundamental data regarding the chemical nature of the diges- 
tive process and of the various digestion products of proteins were just 
then being studied. In the same volume with Jessen's work is one of 
the early works of Kiihne and Chittenden (1883), describing the then 
little-known bodies resulting from the digestion of proteins. 

Undoubtedly, the alleged indigestibility of veal was a belief per- 
petuated by repeated quotation either of experiments too old to be 
conclusive or of opinions expressed elsewhere. 

WORK OF PREVIOUS INVESTIGATORS 

With the exception of the works of Fish (1911; 1912; 1914), very 
little direct experimental work was found, although a careful search of 
the literature was made. An excellent discussion of the subject by 
Fish and other workers has been published by the American Veterinary 
Medical Association (1912). In his earlier work Fish obtained data on 
the amount of moisture in immature veal and in beef, also on the freezing 
point of the juice from the tissues and on the specific gravity of such 
juice. He conducted dietetic experiments in which 7 families of 20 
persons of various ages received immature veal as part of their diet. 
The following extracts are from his reports: 

All partook of the veal and appeared to relish it. None of the families reported 
any disturbance of any of the bodily functions; the health was apparently normal 
and each family was ready to receive a portion whenever another carcass was avail- 
able. (1911, p. 139.) 

The claim that the flesh of very young animals has a laxative effect upon human 
beings (Walley) has not been verified in the present experiments. (1912, p. 148.) 

In a recent work Fish found that beef and immature veal digested 
with equal speed in pepsin-hydrochloric acid (1913, p. 64). This last 
observation is in accord with that of Eangworthy and Holmes (unpub- 
lished), who found that both immature veal and market veal, when fed 
to men as part of their diet, have practically the same coefficient of 
digestibility as beef — i. e., 93 per cent. 

Sparapani (1914) studied the toxicity, or the alleged toxicity, of fetal 
flesh. From his results he concluded that bovine fetal serum was less 
toxic than adult serum — i. e., more fetal serum was required to kill a 
rabbit than adult serum when injected intravenously. 
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EXPERIMENTAL WORK 
MATERIALS 

At convenient intenrals a live calf, 7 days old or less, was obtained 
from a veterinarian in Washington, D. C., who procured the supply 
from farms near by. Forty-one calves were procured in this way. On 
12 of these animals quantitative data were obtained; the rest of the 
material was used in the feeding experiments with cats. Each calf was 
inspected by a member of the staff of the Pathological Division. In 
every case, except veal sample 7, the calf purchased was found to be in 
good condition. 

Immediately after the calf was killed, dressed, and quartered, the meat 
was trimmed from the bones. When the calf was intended for quanti- 
tative analytic work and for digestion experiments, care was taken to 
remove the muscles entire or nearly entire, so as to exclude bits of bone, 
tendon, etc. The whole muscles, free from adherent fat and the tough, 
tendinous ends, were placed in a wide-mouth 8-liter glass-stoppered 
bottle and kept in cold storage at or very near 1° C. (34° F.) until used. 

When the calf was intended for feeding to the experimental cats, the 
meat was trimmed less carefully, so that adherent fat, small pieces of 
soft bone, etc., were included in the material stored. To this were 
added the liver, kidneys, spleen, lungs, and heart, all of which the cats 
received in their food (see p. 705). About 10 kgm. of muscle were 
obtained from each calf. A detailed record was made of the dates on 
which the calves were killed, etc., so that the age of the meat when used 
for the various purposes was always known. 

Along with the analyses and digestions made on the veal, control deter- 
minations were made on beef. The greatest care was taken throughout 
the entire work to be certain that the data on beef and veal were obtained 
under identical conditions. Whenever a calf was killed and the veal 
was intended for comparative work with beef, 10 pounds of ordinary 
lean beef round steak were purchased in a market near by. No inquiries 
were made regarding the beef; it represented so much lean beef pur- 
chased at random. Soon after being brought to the laboratory the 
beef was carefully trimmed — ^i. e., fat and connective tissue were removed, 
leaving only the lean muscle tissue, with a few small specks of fat here 
and there. This was transferred to an 8-liter glass-stoppered wide- 
mouth bottle and kept until used in cold storage alongside the bottle 
containing the veal. The beef was numbered to correspond with the 
veal — i. e., beef sample 8 was the beef used for control work on veal 
sample 8. 

Sometimes the comparative analyses and digestions were begun on 
veal and beef i day old — ^i. e., i day in storage — ^although the beef was 
really mature beef of unknown age. In some experiments the meats were 
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a month old, but in every case the age is given. Naturally, after the veal 
and beef had been stored for several weeks, they acquired “off odors. 
This was always recorded, but the meats were always used as if perfectly 
odorless. Veal intended for feeding to the cats was always boiled. 
None was rejected, no matter how unappetizing it might have been to 
human beings. 

STANDARD SOLUTIONS AND APPARATUS 

In the chemical work on the veal and beef the nitrogenous substances 
and the moisture content were studied. Together these constitute about 
95 to 97 cent of the weight of the meat, so that the chemical work, 
while not too detailed, gave information on practically all constituents 
except the lipins. For the large number of nitrogen determinations 
standard iV/5 sulphuric acid, and sodium hydroxid were used. Although 
all the nitrogen determinations were comparative — i. e., on veal and beef 
at the same time and under the same conditions — the absolute value of 
the standard acid was determined with the greatest care. This was done 
by precipitating and weighing the barium sulphate obtained from a 
known volume of the acid, and as an independent check on these results 
the acid was also standardized against pure ammonium sulphate and 
against pure sodium carbonate. It is perhaps true that with biological 
material such as meat the limit of accuracy is soon reached if ordinary 
care is used, and nothing is gained by taking unnecessary precautions. 
But because the wholesomeness of immature veal is a subject of contro- 
versy it was thought especially advisable to take too many precautions 
throughout the work rather than too few. 

The volumetric apparatus used was standardized either by the United 
States Bureau of Standards or in the laboratory. A set of standardized 
analytic weights, a carefully calibrated Greene barometer, and a stand- 
ardized thermometer from the Physikalisch-Technische Reichsanstalt 
(Charlottenburg, Germany), were used. 

ANALYTIC DATA ON IMMATURE VEAL AND MATURE BEEP 
TOTAL NITROGEN 

The total nitrogen was determined on seven portions of each sample 
of beef and veal, of which three were made on the fresh meat, two on 
meat dried over sulphuric acid in vacuo at room temperature for two 
weeks, and two on portions dried for 12 hours at 95° C. in the hot-water 
oven. 

No nitrogen determinations were made on veal samples i and 2 — i. e., 
the first two calves — and the corresponding mature-beef samples. On 
veal and beef samples 3, 4, 5, 6, and 7 nitrogen determinations were 
made as just described. On veal and beef samples 8, 9, 10, ii, and 12 
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determinations were made as before, except that no portions of fresh 
meat were weighed for the direct determination of total nitrogen. Por- 
tions of 25 gm. each were weighed into suitable flasks and hydrolyzed 
by boiling with hydrochloric acid. After diluting to 250 c. c., two 
portions of 25 c. c. each, corresponding to 2.5 gm. of fresh meat, were 
pipetted into Kjeldahl flasks and the determination carried out as usual 
(see p. 678). In this way duplicate determinations were made on veal 
samples 8, 9, 10, and 1 1 and a single determination on sample 12. Dupli- 
cates were obtained on beef samples 8 and ii; on beef sample 10 four 
determinations were made and averaged, as the first two were not close 
enough; on beef sample 12 one determination was made. There was no 
beef sample 9. Veal sample 9 was compared with skim milk (skim-milk 
sample 2) which contained 5.29 mgm. of total nitrogen per gram of skim 
milk, or 0.529 per cent. Veal sample 5 was compared with beef sample 
5 in some experiments and with skim-milk sample i in others — this con- 
tained 5.74 mgm. of total nitrogen per gram of skim milk. 

All determinations of nitrogen were made by the usual Kjeldahl 
method, using metallic mercury, potassium sulphid, etc. Shortly after 
the appearance of the results of Trescot (1913), potassium sulphate was 
used in addition to the mercury, to assist in the oxidation. At first 
Congo red was used as indicator; later this was replaced by alizarin 
sulphonate. 

The results for total nitrogen are summarized in Table I. It is apparent 
that the differences in nitrogen content between immature veal and mature 
beef are slight. The higher moisture content of the veal probably 
accounts for the slightly lower average figure, 3.14 per cent, as compared 
with 3.48 per cent for beef. The averages for the meats dried in vacuo 
are practically identical. For the meats dried in the hot -water oven, 
the average value for the veal, 14.08 per cent, is higher than that for the 
beef, probably because the veal dried more thoroughly — i. e., the average 
moisture in veal dried in vacuo was 77.08 per cent; in the hot-water oven, 
77.54 per cent (see p. 683, moisture figures). The difference between the 
two figures for beef was not so great, the average for beef dried in vacuo 
being 74.18 per cent and in the hot-water oven 74.10 per cent. 
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TablB I . — Percentage of total nitrogen in meat 


Calf No. 

Age of 
calf 
when 
killed. 

Bresh. 

Dried in vacuum 
desiccator. 

Dried in hot-water 
oven, 

■ 

Beef. 

Veal. 

Beef. 

Veal. 

Beef. 

Veal. 


Days » 

Percent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

3 

7 

3- 45 

3‘ 33 

12. 67 

14. 03 

II. 78 

14. 6s 

4 

5 

3-49 

3- 18 

13- 56 

13. 86 

13- 65 

14.03 

5 

6 

3- 51 

3- 24 

14. 62 

13. 04 

14. 26 

13- 37 

6 

5 

3. 60 

3. 00 

13- 23 

13. 26 

13. 42 

13. 60 

7 

5 

3- 59 

3* 40 

14. 40 

14. 41 

14-47 

15. 12 

8 

3 

3-53 

2- 95 

12. 60 

13- 55 

13- 52 

13-74 










/ 

\ / 







10 

4 

3- 34 

2. 97 

13- 13 

13- 50 

13- 78 

14. 16 

II 

4 1 

3*43 

3- 17 

13. 82 

13. 58 

13. 92 

13- 76 

12 

4 

3* 38 

3- 07 

13-49 

13. 61 

13- 67 

14- 25 

Average 


3- 48 

3- 14 

13- 50 

13- 65 

13. 61 

14. 08 

Number of determ i 

[nations 







averaged 


24 

24 

18 

18 

18 

18 


o Skim-milk sample a was used instead of beef (see p. 695). 


The figures for total nitrogen in dried meats (last four columns of 
Table I) were calculated back to the fresh basis for comparison with the 
figures obtained directly on the same samples of fresh meat, with the 
average results given in Table II. 

Tabl]^ II . — Average percentage of total nitrogen in meat {dried meat calculated to fresh 

basis ) 


Meat 

Fresh 

Dried in 
vacuum desic- i 
cator. 

Dried in. hot- 
water oven. 

Beef 

Per cent 

3-48 
3- 14 

Per cent. 

3- 46 
3- 15 

Per cent. 

3- 46 

3- 19 

Veal 


It is apparent from Table II that the meats lost no nitrogen during the 
drying. (For the method of drying, see p. 683.) Benedict and Man- 
ning (1905, p. 312) found that ‘‘these meats [beef, chicken], therefore, 
after heating at 100® in a water oven lost from 4 to 7 per cent of the 
total nitrogen present.'* They quote similar observations by other 
investigators. What is important in this connection is not the mere loss 
of a small amount of nitrogen, which could be easily replaced in a diet, 
but the possibility that the lost nitrogen was present in the form of vola- 
tile amins, as suggested by Atwater (1895, p, 43). Some amins are very 
poisonous, and the presence of even small amounts of such bodies in 
immature veal would constitute a valid objection to its use. Although 
looked for, losses of nitrogen in the dried-meat samples were not observed. 
There may be two reasons for this: (i) The meats used were not decom- 
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posed, and, therefore, amins resulting from decomposition were absent; 
(2) the temperature inside the hot-water oven varied from 93® to 95® in 
winter to 95® to 97® in summer, and meat dried for 12 hours in this 
manner was not decomposed. 

Another method of looking for toxic bodies was used, the veal being fed 
to cats (see p. 703). 

The results for beef, summarized in Tables I and II, are practically 
identical with those generally obtained by other investigators. Thus, 
Davis and Emmett (1914, p. 449) found 3.624 per cent of nitrogen 
in beef dried at 100° to 105® C. for 20 hours, the result being calculated 
to the fresh basis. Their values for total nitrogen in beef are practi- 
cally the same as those for either beef or veal in Table I. They found 
that there was but very slight loss, if any, on drying the meats at 100® 
to 105® as compared with the value found by the vacuum method. 
Richardson and Scherubel (1908, p. 1552) obtained the following results 
for total nitrogen in 13 samples of fresh lean beef: Maximum, 3.65 per 
cent; minimum, 3.34 per cent; average, 3.49 per cent. It is to be noticed 
that all the figures for fresh beef in Table I lie between this maximum and 
minimum, and the averages in both are practically identical. These 
investigators state (p. 1551) that — 

In nearly all the work on beef the muscular portion known as the knuckle to 
butchers was made use of on account of its size, uniformity in structure, and its free- 
dom from fatty tissue. The knuckle is the group of muscles known as the Crural Tri- 
ceps to anatomists and consists of the Rectus Femoris, Vastus Extemus, Vastus 
Intcmus, and Anterior Gracilis. It was desired to experiment primarily upon the 
lean portion of beef, and fatty matter and gristle was trimmed away as far as possible 
in the preparation of the samples for analysis. 

SXTRACTlV:e NITROGEN 

Portions of freshly hashed beef and veal, each weighing 100 gm. were 
extracted by heating in flasks with 800 c. c. of distilled water. The 
heating lasted one hour in a boiling water bath. After cooling and weigh- 
ing the flasks, sufficient water was added to bring the final volume up 
to 1,000 c. c. of water plus 100 gm. of fresh meat. The total nitrogen 
was determined in duplicate 100 c. c. portions of the filtrates. Begin- 
ning with beef and veal samples 7, whenever meat was boiled for diges- 
tion experiments, control portions were boiled for extractive nitrogen. 
It is obvious that in measuring the amount of nitrogen going into so- 
lution by the digestion of meat, it was desirable to know the quantity of 
soluble nitrogen originally present. 

In 100 c. c. of filtrate corresponding approximately to 10 gm. of meat, 
the extractive nitrogen actually titrated was equivalent to about 15 c. c. 
iV/5 acid. In calculating the amount of nitrogen corresponding to 100 
c. c. of filtrate, allowance was made for the moisture present in the 
meat — i. e., if the meat contained 75 per cent of water, the 100 c. c. of 
filtrate treated corresponded to 100/1,075 of the total extractive nitrogen 
17209®— 16 2 
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present in loo gm. of meat. In 15 duplicate determinations on two 
portions of the same filtrate obtained from beef and veal samples 3 to 
8, the average difference between duplicates was 0.26 c. c. iV/5 acid; 
one set of duplicates on beef sample 4, in which the difference was 1.53 
c. c. N/3 acid, was not included in this average; but the average of these 
two was included in the results in Table III. The data on skim milk 
were obtained by using 600 gm. of skim milk instead of 100 gm. of meat, 
making the proper calculated allowances for the water in the milk. The 
details of the precipitation of the casein, etc., are given on p. 692. 

The results for extractive nitrogen are summarized in Table III. The 
last column gives the number of days that elapsed between the killing 
of the calf and the boiling of the meat. During this time the veal was 
in cold storage. This, of course, is not true of the beef. The beef when 
purchased was in all probability obtained from an animal killed from 8 
to 18 days before. After being brought from the market, the beef was 
stored with the veal. While sample 3 of veal used in experiment 14 
was 8 days old when boiled, the corresponding sample 3 of beef can be 
said to have been stored for 8 days, but its age is not known. For this 
reason the comparison between the two is not exact. For some purposes 
it might have been desirable to kill a mature animal on the premises and 
store the beef immediately, as was done with the veal. But the principal 
object was a comparison of the veal with meat as purchased in the market. 


TablR III . — Percentage of extractive nitrogen in meal 


Sample Nu 

Beef 

Veal 

Experiment 

No 

Age of meat 
when boiled. 


Per cent. 

Per cent 


Days. 

3 

0 0. 456 

° 0 - S 34 

14 

8 

4 

•433 

. 508 

IS. 16 

Ii 9 

5 

.437 

472 

17,18 

7 

5 

6. 0364 

.472 

19 

C18 


•473 

.448 

20, 21, 22 

2, e2i 

7 

•433 

. 646 

23 

3 

7 

• 693 

/l. 526 

24 

*33 

8 

• 505 

. 520 

26 

8 

8 

. 610 

i . 520 

25 

9^1 

9 

K 061 5 

.490 

27 

6 

9 

0754 

•539 

28 

21 


. 466 

•553 

30 

19 


•495 

• 64s 

31 

<*28 


•455 

•519 

32 

19 


•437 

.496 

34 

8 

Average 

.491 

• 530 






Determinations averaged 

12 

13 








oMeat hashed, kept in cold storage till next day, then boiled. All other samples hashed and boiled 
sa^^day Veal sample 5, experiment 17, was hashed and boiled the some day calf $ was killed, 
h Figure for extractive nitrogen in 5kim>milk sample 2 mnitted from average, 
e Veal had an '"off odor.*’ 
d Beef and veal had an “off odor.” 
a Beef and veal very poor, not ht to eat. 

/Veal sample 7, calf had white scours, figure omitted from average. 
gVeal had no odor. Beef had slight odor of hydrogen sulphid. 

A Figures for skim^milk sample 3 omitted from average. 
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With the exception of veal sample 7, all of the calves purchased were 
in good condition. Calf sample 7 was known to have ** white scours/* 
or diarrhea. It was plainly a sick animal and was purposely obtained. 
A very young kitten gained considerable weight while utilizing veal 
sample 7, boiled, as its sole source of nitrogen (see p. 707). The high 
content of extractive nitrogen in veal sample 7, experiment 23, while 
comparatively fresh, and its very rapid autolysis, as indicated by its 
appearance and still higher extractive nitrogen content in experiment 24 
a month later, are very striking. The four duplicates on veal and beef 
samples 7 were excellent. 

Hansoulle (1910, p. 122), in his report on very young veal as food, 
quotes Fonsny to the effect that about 60 per cent of the dry matter in 
meat from very young calves consists of extractives and gelatin, mate- 
rials which, while digestible, are not assimilable. Hansoulle also quotes 
the opinions of several directors of abattoirs in Belgium and France who 
regard very young veal as unfit for human food, but references to experi- 
mental work are not given. After veal sample 7 had been stored for 
over a month, the extractive nitrogen — i. e., nitrogen soluble in 
water near the boiling point — amounted to 44.9 per cent of the total 
nitrogen in the meat. But, obviously, this was exceptional, at least for 
the calves used in this work. It is possible that under the conditions 
observed by Hansoulle the veal deteriorated rapidly and justified his 
strong pronouncements on the unfitness of very young veal. The data 
in Table III have been obtained on calves 7 days old or less when 
killed, the meat of which had been stored at about 34° F. (i® C.) for 
varying lengths of time. The differences between the figures for beef 
and veal are much smaller than would be expected from the statements 
of various writers that the elimination of excretory nitrogen in very 
young calves is slow. Excluding the figure for veal sample 7 in experi- 
ment 24, the average extractive-nitrogen content in fresh beef is 0.491 
per cent, and for fresh veal, 0.530 per cent, with no great variations from 
the average. If the figure for veal sample 7 be included, the averages 
are 0.491 per cent for beef and 0.601 per cent for veal. The figures for 
beef are essentially the same as those obtained by other workers. 

Richardson and Scherubel (1908, p. 1527), in their studies on cold- 
storage beef, extracted 100-gm. portions of fresh beef with water until 
I liter of extract was obtained from each. Determinations of nitrogen 
in the various forms were made on 50 c. c. portions of the extract. By 
adding together their figures for the amount of nitrogen present as 
ammonia (method 2), albumoses, and meat bases in their cold-water 
extract, a figure is obtained which corresponds to the figures for extractive 
nitrogen in Table III. The term “extractive nitrogen** is used rather 
loosely here, as it includes all nitrogenous substances in meat which are 
soluble in water near the boiling point — ^i. e., proteoses, peptones, amino 
adds, ammonia, purin bases, etc. The slight loss of ammonia due to the 
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coagulation of the meat and the heating in water was not determined or 
allowed for in the calculations; it is too small. Richardson and Scher- 
ubel (p. 1552) obtained the following averages on cold-water extracts 
from 13 samples of fresh beef (see p. 674) : Nitrogen present as ammonia 
0.010 per cent; albumoses, 0.024 per cent; meat bases, 0.071 per cent. 
The total, 0.405 per cent, corresponds closely to the average of 0.491 
per cent for beef in Table III. It is natural that the figure in Table III 
should be a trifle higher, as it includes data on both fresh and cold-storage 
beef. The storage temperature was practically the same as that used 
by Richardson and Scherubel — ^i. e., 2® to 4° C. (36® to 39° F.). It will 
be noticed in Table III that while the meats were in cold storage for the 
periods there indicated the extractive nitrogen increased very appre- 
ciably in beef samples 7, 8, and 10 and in veal samples 9 and 10. The 
same probably happened in beef and veal samples 3 to 6, but data were 
obtained on these only when fresh. 

Similar increases in extractive nitrogen were noticed by Richardson 
and Scherubel (1909, p. 99) in their study of the changes taking place in 
beef stored at 2® to 4° C. In their samples proteolysis took place more 
slowly than in those of Table III, probably because, as they state (p. loi), 
**the knuckles (weight 7 to 8 pounds) were hung in a temperature of 2° 
to 4® C. immediately after slaughter and were allowed to remain there 
during the period when analyses were made, that is for 121 days.*' 

The meat stored for use in the present work was cut into pieces not 
much larger than a hen's egg of good size. Undoubtedly this treatment 
permitted more active autolysis and bacterial decomposition than would 
have taken place had the veal and beef been stored in larger masses. As 
previously indicated, entire muscles were dissected from the veal quarters 
for the sake of uniformity of composition of the muscle tissue used for 
analysis, etc., necessitating the storage of comparatively small pieces of 
meat (see p. 669). 

Emmett and Grindley (1909) found that in beef stored for 22 days at 
33® to 35® F. (0.5 to 2® C.) the extractive nitrogen, contrary to expecta- 
tions, did not increase, but a slight increase was noticed in beef stored 
under the same conditions for 43 days (p. 425). It is probable that one 
reason for this observation is to be found in their method of preparing 
cold-water extracts of beef for analysis. Portions of the experimental 
beef weighing 30 to 35 gm. were repeatedly extracted with cold water, 
and the extracts after filtration were diluted to 5 liters (Grindley and 
Emmett, 1905, p. 663). After removing coagulable nitrogen in a 200 
c. c. portion of such a filtrate, corresponding to 1.2 gm. of meat, a further 
partition of nitrogen was made on the very small amounts of nitrogen 
rem aining . The unavoidable errors in analytic work become proportion- 
ately large under such conditions, and the detection of slight changes in 
meat stored tmder good conditions for short periods of time becomes 
difficult. 
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Many investigations have been made on the behavior of beef when 
frozen, but such results are not exactly comparable with those obtained 
by the foregoing investigators nor by the writer on beef stored at or near 
2® C. 

It is obvious that the beef and veal used in this work underwent pro- 
teolysis during the storage periods to practically the same extent. The 
changes that took place in the beef are entirely comparable with those 
observed by others in beef stored under similar conditions. The slightly 
higher average content of extractive nitrogen in the veal (Table III) is 
not regarded as physiologically significant in the present consideration 
of the fitness of i -week-old veal as food. The extractives of immature 
veal are the same as those of mature beef (Lindsay, 1911), and 
the slight quantitative difference found between the 10 “bob-veaT' 
calves and their corresponding 10 samples of lean beef (summarized in 
Table III) do not warrant the inference that the tissues of the very young 
calf are loaded with unexcreted nitrogenous waste products. 

AMINO NITROGEN IN MEAT EXTRACTIVES 

The hot-water extracts of beef and veal used for the determination of 
extractive nitrogen were also used for the determination of amino nitro- 
gen in the nitrogenous extractives present. The figures obtained were 
used as blanks in those digestion experiments in which the rate of diges- 
tion was measured by the rate of formation of amino nitrogen (see 
p. 696). Any marked differences between the figures for beef and those 
for veal might have led to the detection of significant differences in 
their composition. 

Ten c. c. of filtrate, containing the extractives from not quite 0.5 gm. 
of beef or veal, were introduced into the Van Slyke amino-nitrogen 
apparatus and the amino nitrogen determined exactly as it was deter- 
mined in the digestion experiments (see p. 680). The volume of gas 
measured was small, ranging from 1.9 to 5 c. c. The weight of nitrogen 
so obtained was calculated to i gm. of fresh meat, and this figure was 
divided by the weight of extractive nitrogen in i gm. of meat. The 
results are summarized in Table IV. In experiment 27 the digestibility 
of veal sample 9 was compared with that of skim milk instead of beef. The 
amino-nitrogen determination on skim-milk sample 2 was made on 10 c. c. 
of diluted skim milk containing 600 gm. of skim milk diluted to i ,000 c. c. 
which was used for other determinations (see p. 695). In this case the 
amino nitrogen was derived not only from the nonprotein extractives but 
from the proteins as well. The amino nitrogen obtained was calculated 
to I gm. of skim milk, and this figure was divided by the weight of extrac- 
tive nitrogen found in i gm. of skim milk by the method described 
on p. 695. 
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Tabi .0 IV , — Percentage of amino nitrogen in extractive nitrogen in beef and veal 


Sample No 

Experi- 
ment No. 

Beef. 

Veal. 

Sample No 

Experi- 
ment No. 

Beef. 

Veal. 



Per cent. 

Per cent 



Per cent. 

Per cent. 

8 

26 

27 

18 

11 

32 

19 

16 

8 

25 

27 

18 

12 

34 

23 

19 

9 

10 

27 

30 

00 

22 

1 1 
19 

Average 


24 

18 

10 

31 

24 

24 






<* Figure for skim-tnilk sample 2; not included in the average (see p 695). 


The figures for the percentage of amino nitrogen in Table IV were 
obtained by single determinations on each filtrate. Duplicates on veal 
sample lo and skim-milk sample 2 agreed almost exactly, which is to 
be expected when small volumes of nitrogen gas are obtained in this 
determination. This, together with the comparatively large blank on 
the reagents, makes the experimental error in these determinations 
higher than in others. Nevertheless the data have been obtained on 
five different calves and their control samples of beef, and the uniformly 
higher amino-nitrogen content in the beef extractives is probably a cor- 
rect indication of a slight difference between the beef and veal. The 
significance of this difference, if any, requires further work for its eluci- 
dation. 

DISTRIBUTION OP NITROGEN IN BREP AND VEAL HYDROLYZED BY HYDROCHLORIC 

ACID 

HydroItYSIS. — ^The beef and veal were hydrolyzed by boiling with 
hydrochloric acid in 300 c. c. Jena glass Erlenmeyer flasks provided 
with ground-in condenser tubes 100 cm. in length. Into a weighed flask 
25 gm. of meat were weighed quickly to the nearest o. i gm. and the exact 
weight noted. Two such portions of beef and two of veal were weighed 
from large samples of the meats freshly hashed for several determina- 
tions. To each flask 175 c. c. of hydrochloric acid (1:1) were added. 
The ratio is 35 parts of 20 per cent hydrochloric acid to i of pro- 
tein, found by Van Slyke (1912, p. 296) to hydrolyze proteins completely 
after boiling for 24 hours. In all the experiments except the first with 
beef and veal sample 8 the hydrolytic mixture was boiled for 24 hours. 
Beef and veal samples 8 were boiled for 24 and 48 hours, but no differ- 
ences in the results were found. A small piece of broken glass added to 
the material in the flask prevented bumping. After boiling the required 
length of time the mixtures were cooled, transferred to 250 c. c. volu- 
metric flasks, and diluted to the mark. Portions of these mixtures 
were used in the following determinations. 

Totai, nitrog:en. — ^From each of the four flasks 25 c. c. portions of 
the mixture, corresponding very nearly to 2.5 gm. of meat, were pipetted 
into Kjeldahl flasks and the total nitrogen determined. The results 
obtained in this way on beef and veal samples 8 to 12 have been given 
in Table I. 
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Ammonia. — ^The Boussingault-Shaffer method, as described by Berg 
and Sherman (1905), was used for the determination of ammonia^ in 
the hydrolytic mixture. The apparatus used was, in general, similar to 
that used by Van Slyke (1911, p. 21). 

Fifty c. c. of the hydrolytic mixture, corresponding to 5 gm. of meat, 
were used. It was desired to know whether the general assumption 
that no nitrogen is carried over by the hydrochloric-acid distillate was 
correct or not. For this purpose the distillates from beef, whenever 
obtained, were transferred to the same Kjeldahl flask, while the distil- 
lates from veal were transferred to another. The total nitrogen was 
then estimated in the usual manner. Distillates corresponding to 25 
gm. of beef and 35 gm. of immature veal yielded in both cases less than 
0.2 c. c. of Ar/5 nitrogen, indicating that none was lost during the 
distillations. 

The distillation of the ammonia was carried out as usual for one hour 
in every case, during which time there appeared to be no splitting off of 
“cleavage ammonia,” as numerous tests indicated. 

In the hydrolytic mixtures obtained from beef and veal the ammonia 
nitrogen was about 7 per cent of the total nitrogen. Because of the 
small amount of ammonia actually distilled, corresponding to 5 gm. of 
fresh meat, or about i gm. of protein, the unavoidable errors in the 
analyses are proportionately large. The differences between six dupli- 
cates on beef and veal samples 8, 10, and ii (Table V) varied from 
0.04 to 1.33 per cent of the total nitrogen; average, 0.5 per cent. An 
idea of the limits of accuracy of this determination may be obtained by 
comparing the figures for ammonia nitrogen in casein by Van Slyke 
(1912, p. 297), who found lo.i and 10.27 per cent, with those by Sher- 
man and Gettler (1913), who found lo.o per cent. 

In order to be better able to compare the results for ammonia nitrogen, 
etc., in beef and veal with similar results by other workers, a sample of 
pure casein was hydrolyzed, using 5 gm. of casein instead of 25 gm. of 
fresh meat. The results obtained were: On casein hydrolyzed for 24 
hours, 10.04 3.nd 10.38 percent, and for 48 hours, 10.55 and 10.81 percent, 
of the total nitrogen present as ammonia, indicating that the technic used 
was essentially similar to that used by the above investigators (see p. 682). 

* Melanin nitrogen. — To the mixture remaining in the distillation 
flask after the removal of ammonia 3 c. c. of concentrated hydrochloric 
acid were added, the material transferred to a 100 c. c. volumetric flask, 
and diluted to the mark. This was then filtered into a second clean, 
dry 100 c. c. flask, and the nitrogen was determined in the melanin on the 
filter paper, corresponding to 5 gm. of meat, by the Kjeldahl method in the 
usual manner. To the figure so obtained there was added the amount 
of melanin nitrogen occasionally obtained by filtering the hydrolytic 


^ For excellent discussions of the various methods for determining ammonia, see Smith (xoxa); also 
Shulansky and Gies (xgxs). 
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mixture before any determinations were made. The filtrate was used in 
the determinations of amino nitrogen. 

Amino nitrogen. — ^Van Slyke’s (1912) apparatus and method were 
used in this determination in exactly the same manner for the hydrolytic 
mixtures, digestion mixtures, and control determinations on the reagents, 
leucin and pure casein. In every case the reaction between the reagents 
and the solution introduced into the apparatus was allowed to go on for 
exactly 20 minutes. Two, and sometimes three or four, determinations 
of amino nitrogen were made on every sample mentioned in Table V. 
The distribution of nitrogen was not studied in beef and veal samples 
I to 7. Two determinations on the same solution of hydrolyzed beef or 
veal generally differed by 2 per cent; thus, the figures obtained for veal 
sample 8 were 70.2 and 72.3 per cent of the total nitrogen present in the 
amino form. The average of these, 71.2 per cent, is the figure recorded 
in Table V. The extremes in this respect were : Beef sample 1 1 with 
71.6, 74.6, and 75.8 per cent, a difference of 4.2 per cent between the 
highest and lowest figures, and beef sample 12 with 74.2, 74.4, and 74.7 
per cent, the difference being 0.5 per cent. When the difference of 2 
per cent was obtained with the first duplicates it was believed to be due 
to error in procedure. Accordingly, the determinations of the next 
sample, veal sample 9, were made with the greatest care but with no 
closer results. Numerous modifications of the method were tried without 
the desired result. A large number of results were obtained on veal 
sample 9 and skim-milk sample 2, all of which were low by several per 
cent and have been omitted from Tables V and XII. The fact that any 
deviation from the procedure used for beef and veal samples 8 gave 
uniformly low results led to its use without modification throughout the 
remainder of the work. 


Table V . — Distribution of nitrogen in beef and veal hydrolyzed by hydrochloric acid 
[Total nitrogen-^ioo per cent J 


Sample No. 

Ammonia 

nitrogen 

Amino 

nitrogen. 

Nonanimo 
nitrogen, 
by dif- 
ference. 

Melanin 

nitrogen. 

Experi- 
ment No. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 


Beef 8 

7.6 

70. 9 

20. 0 

I* 5 


Veals 

7*4 

71. 2 

19. 7 

I- 7 

> 20 

Beef to 

7 - I 

74 - 5 

17. 6 

.8 

) 

Veal 10 

7 - I 

73 - I 

19. 0 

I. 0 

f 30 

Beef II 

6.8 

74. 0 

19. 4 

.8 

'1 

Veal 11 

7 - 4 

70. 8 

20, 5 

I* 3 

1 32 

Beef 12 

7 - 5 

74 - 4 

17. 6 

. S 

\ 

Veal 12 

5-6 

73 - 5 

20.3 

.6 

/ 

Average: 



1 



Beef 8 to 12 

7. 2 

7 ^. 4 

18. 6 

. 0 


Veal 8 to 12 

6. 9 

72. I 

19.9 

• y 

I. I 





Beef 1. 1 

6.8 

75-0 

17. 4 

.8 

\ 

Veal 1. 1 

6. 7 

75 - I 

17. I 

I. I 

/ 33 

Casein 1 

10. 4 

71. 8 

j6. I 

I* 7 

29 

Casein, by Van Slyke 

10. I 

72. 1 

16. I 

j. 8 
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CoNTROi/ determinations. — Control determinations on leucin and 
casein and later on tyrosin were made for the purpose of ascertaining 
whether errors in procedure were responsible for the unexpected differ- 
ences between duplicates or whether the nature of the experimental 
material was such that interfering reactions made it practically impossible 
to obtain as close duplicates on so complex a mixture as hydrolyzed 
meat as can be obtained on certain pure amino acids. It is almost 
certain that the hydrolyzed meat contains a large variety of amino acids, 
some of which react quantitatively in five minutes; others require 
several hours; and no particular reaction time is favorable for all taken 
together. On this point the following quotations from the work of 
Van Slyke (1911) are of interest: 

Time required for different classes of amino derivatives to react quantitatively. 
Amino groups in the a-position to carboxyl, as in the natural amino-acids, react 
quantitatively in 5 minutes at 20®. The group in lysin requires one-half hour to react 
completely, lysin being the only natural amino-acid which requires more than 5 
minutes. Ammonia and methylamine require 1.5-2 hours to react quantitatively. 
Urea requires 8 hours. . . . Amino groups in purines and pyrimidines require 2-5 
hours at 20° (p. 191). 

Amino-acids which react abnormally with nitrous acid. Glycocoll and glycyl 
peptids. Glycyl-glycin, unlike the other pcptids, reacts not only with its free primary 
amino nitrogen, but also as Fischer and Koelker have shown, with a part of the second- 
ary nitrogen in the peptid linking. This is doubtless connected with the peculiar 
behavior of glycocoll itself when treated with nitrous acid. It gives off not only 
nitrogen, but carbon dioxide and traces of some other gas, which is not absorbed by 
permanganate, indicating that decompositions deeper than the deamination occur. 
The behavior of glycocoll and glycyl peptides can be explained in three ways: . 

(p. 197) The gas measured is about 103 per cent of the theoretical volume of 
nitrogen . . . (p. 199). 

In the determinations on hydrolyzed meat it was observed that almost 
invariably the nitrogen gas measured would diminish a few tenths of 
a cubic centimeter in volume, if the gas were passed back into the alkaline 
permanganate pipette and allowed to remain there overnight. Whether 
this was due to the glycocoll resulting from the hydrolysis of the different 
proteins in the meat or to other disturbing factors can not be stated. It 
is probable that the secondary reactions mentioned above take place 
when hydrolyzed meat reacts with nitrous acid for 20 minutes, and they 
contribute to the difficulty of obtaining very close duplicates. 

For the control determinations on leucin a sample of Kahlbaum’s 
synthetic leucin was used. This sample was dry and contained 96.4 per 
cent of the theoretical total nitrogen obtained by the Kjeldahl method, 
indicating the presence of a non-nitrogenous impurity . Six determinations 
on N/io leucin in i per cent (approximately) hydrochloric acid, made at 
various times throughout the work gave the following results: 95.4, 
95-6, 95.3, 95.3, 96.1, and 96 per cent of the theoretical total nitrogen 
present as amino nitrogen; average, 95.6 per cent. One result, 94.4 per 
cent, obtained with exhausted permanganate in the absorption pipette. 
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was omitted from the average. Close duplicates on leucin and on the 
next control substance, casein, were obtained easily and by the identical 
methods that failed to produce as close duplicates on hydrolyzed meat. 

The casein (casein sample i) hydrolyzed for the control determinations 
was prepared in the laboratory in the usual manner, from separator 
skim milk. The dry protein contained 14.87 per cent of nitrogen and 
o.io per cent of ash. Although small amounts of impurities were prob- 
ably present in this preparation, it compared favorably with those used 
by other workers. The hydrolysis of the casein, distillation of ammonia, 
and determination of amino nitrogen were carried out exactly as with 
hydrolyzed meat, except that 5 gm, of the dry casein were used instead 
of 25 gm. of meat. The following results were obtained: 71.37, 72.81 
per cent (boiled for 24 hours), and 71.37, 71.73 per cent (boiled for 48 
hours). The average of these four, 71.8 percent, given in Table V, is very 
close to the figure (72.1 per cent) obtained by Van Slyke (1912, p. 297) 
and other investigators. The various detenninations made with casein 
sample i indicate that the methods used were essentially correct and 
would 3deld close duplicates on materials to which they were applicable. 

It was thought possible that the fats or their hydrolytic products might 
interfere with the amino-nitrogen determination, and for this reason 
determinations were made on beef and veal samples i.i. These were 
dry, almost fat-frec meat powders, prepared early in the work from 
beef and veal samples i by treating the hashed meats with alcohol and 
ether (see p. 685). The hydrolysis and determinations were made on 
these materials as usual, but no better duplicates were obtained. The 
figures for beef sample i.i were 74.1, 75.3, and 75.7 percent; average, 75 
per cent; for veal sample i.i, 74.1, 74.1, 75.7, and 76.3 per cent; average, 
75.1 per cent. The difference between the highest and the lowest figure 
for veal sample r.i, 2.2 per cent, corresponds to a difference of 0.6 c. c. of 
nitrogen gas under the conditions of the determinations, in which the 
volume of gas actually measured was about 20 c. c. 

A sample of tyrosin labeled “Tyrosin, pure, synthetic, Schuchardf' 
was also used for control determinations. It contained i .66 per cent of 
moisture. Calculated to the dry basis the total nitrogen content by the 
Kjeldahl method was 93.5 per cent of the theoretical. The figures for 
amino nitrogen were 95.6, 96.0, and 95.3 per cent of the theoretical total; 
average, 95.6 per cent. In the first determination the gas after being 
measured was passed back into the absorption pipette, where it remained 
overnight. As usual, there was a slight diminution in volume — ^from 
95.6 to 95.3 per cent. 

It is believed that close duplicates on beef and veal have not been 
obtained, for reasons inherent in the material; the method used gave 
good results on comparatively pure leucin, casein, and tyrosin. The 
comparison between the amino-nitrogen content of beef and that of * veal 
having been made under similar conditions, the data in Table V, although 
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possibly erroneous to the extent of i or 2 per cent, indicate that the differ- 
ences between the mature beef and the immature veal are too slight to 
be significant. 

Nonamino nitrogen. — “The difference between the Kjeldahl and 
NH2 determinations gives the nonamino (NH) nitrogen. This includes 
one NH2 group, that of the guanidine nucleus of arginine, which does 
not react with nitrous acid . . (Van Slyke, 1912, p. 296). 

PERCENTAGIS OP WATER IN BEEP AND VEAL 

Two 3'gm. portions of each meat, contained in porcelain crucibles, 
were dried in a vacuum desiccator and two similar portions in a hot- 
water jacketed oven. 

Drying in the hot-water jacketed oven.— The temperature of the 
interior of the oven ranged from 93® to 95° C. in winter to 95° to 97° C. 
in summer. The samples were transferred to the oven immediately 
after being weighed and were dried for 12 hours. A slow stream of clean 
dry air was passed through the drying chamber for several hours during 
the drying period, after which the crucibles were transferred to a desic- 
cator, cooled, and weighed. 

Drying in the vacuum desiccator. — The samples of hashed beef 
and veal were transferred to a Hempers desiccator; this was evacuated 
to* about 85 mm. of mercury and the drying allowed to take place for 
two weeks at room temperature. During this time the sulphuric acid 
was changed once, and the desiccator was evacuated several times. 

The dried samples, after being weighed, were transferred at convenient 
times to Kjeldahl flasks for nitrogen determinations except beef and 
veal samples i and 2. On these ash was determined by igniting the 
dried material. The results were: Beef sample i, 1.16 per cent; beef 
sample 2, i.io per cent; veal sample i, 1.14 per cent; veal sample 2, 
1. 1 4 per cent of ash. Calf i was 5 days old when killed; calf 2, 3 days. 
The ages of the others have been given in Table I. The results for water 
in beef and veal are summarized in Table VI. 


Table VI. — Percentage of water in beef and veal 


Sample No. 

Dncd in vacuum desic- 
cator 2 weeks at room 
temperature. 

Dried m water-jadeeted 
oven la hours at 95± 
2°C. 

Beef. 

Veal. 

Beef. 

Veal. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 


^2- 2C 

76.83 

73- 58 



40 ' *0 

11 ' 


73' 59 

78. 74 

74 ' 03 

79.83 

3 

72.98 

77' 13 

71.49 

76-37 


75- 28 

77' 39 

74- 84 

77* 39 

5 

76.46 

74-38 

75- 01 

75* 79 


72.69 

76. 12 

73-63 

77.60 

7 

75 - 13 

78. 01 

75- 22 

77.98 


72- 54 

77.76 

71-35 

77-93 


74.48 

77.42 

75-45 

78- 38 


75 - « 

76. 86 

75-99 

77-05 


74-43 

77.20 

74. 66 

77-54 

Average of 22 determinations 

74. x8 

77.08 

74- 10 

77' 54 
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Although care was taken to insure as uniform sampling as possible, 
the differences between duplicates varied from o per cent to 4.70 per 
cent — i. e., the figures for veal sample ii were 77.05 and 77.05 per cent; 
for beef sample 8, 69 and 73.70 per cent. In every case the average of 
the dulpicates is given in the table. The average of the 44 differences 
(there were 44 duplicates) was 0.92 per cent. Although theoretically 
simple, the determination of water in such material as meat is practically 
very difficult.^ The results for beef and for veal are strictly comparable 
in so far as both sets were obtained under the same conditions, but they 
are not exact in the absolute sense. Had the samples been heated for 
more than 12 hours in the hot- water oven, the “moisture content^’ would 
have been higher, partly because more water would be driven off, and 
partly because other substances would volatilize, decompositions would 
begin, etc. Apparently, under the conditions of the determinations, 
errors which result from heating meat over 100° C. for long periods of 
time were obviated (Davis and Emmett, 1914)- 

The figures in Table VI for beef are similar to those obtained by other 
workers. Richardson and Scherubel (1908, p. 1527, 1552) found an 
average of 76.35 per cent of moisture in beef which had been dried to 
constant weight at 100® to 105° C. Grindley and Emmett (1905, p. 659) 
found 75.46 per cent of moisture in beef dried in a hot-water oven for 
a length of time not stated. 

Obviously, the claim that immature veal (“bob vear*) is more watery 
than beef finds little support in the data obtained, because the difference 
between the averages, about 3 per cent, is physiologically of no impor- 
tance. 

COMPARATIVE digestibility OF MATURE BEEF AND IMMATURE VEAL IN 

VITRO 

In the following comparative measurements of the speed of pro- 
teolysis of beef and veal, an attempt was made to ascertain whether 
immature veal is more resistant to pepsin and trypsin than beef, as some- 
times stated. Three separate methods were used, each of which has its 
advantages, disadvantages, and errors. In the first method the undi- 
gested meat was filtered at the end of the digestion period, dried, and 
weighed. In the second, nitrogen was estimated in portions of the 
digestive fluid from time to time, thereby giving an indication of the 
rate at which nitrogenous substances were going into solution. In the 
third, the rate of formation of amino nitrogen was estimated in portions 
of the digestive fluid, indicating the rate at which the amino-nitrogen 
groups interlocked in the polypeptids present were opened or separated 
by the trypsin and alkali.* 


1 For a discussicm of the errors entering into this determination, see Benedict and Manning (1905). 

* For discussions of the earlier work on artificial digestion, see Grindley, Mojonnier, and Porter (1907, 
p. 6x), and Berg (1909). 
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Solutions. — Digestions were made in 0.2 per cent hydrochloric-acid 
and in 0.5 per cent sodium-carbonate solutions. 

Enzym preparations. — ^The following preparations, all in powder 
form, were used: 

Pepsin i: A loo-gm. bottle of pepsin (1:3,000), Parke, Davis & Co.; 
purchased about May, 1912. 

Pancreatin i: A i -ounce bottle of pancreatin (Parke, Davis & Co.); 
an old preparation. 

Trypsin i: A i -ounce bottle of trypsin (Merck); purchased in Sep- 
tember, 1912. 

Trypsin 2 : A 200-gm. bottle of trypsin sicc. (Greubler) ; imported about 
March, 1912. 

Trypsin 3 : A 50-gm. bottle of trypsin (Merck); purchased in August, 
1913 - 

In every case the unopened bottle of enzym preparation was used. 
Portions were transferred to weighing bottles and dried for several days 
in desiccators until the loss in weight was slight. The bottles were then 
stoppered. The day before being used the enzym preparations were 
dried in a desiccator and portions weighed as needed. 

In order to correct the digestion data for nitrogen introduced in the 
form of enzym, their nitrogen contents were determined. The results 
are summarized in Table VII. The methods used were similar to those 
employed throughout the work. 


Tabi^E VII. --Quantity of nitrogen per gram of dry enzpn preparation 


Preparation 

Total nitroRCii. 

Ammonia ni- 
troRcii 

Ammo nitro- 
Ken 

Pepsin I 

C, c 

51- I 

C. c 

C f. 

Pancreatin i 

40. 9 



Trypsin i 

47-3 

None. 


Trypsin 2 

70. I 

62. 5 

2. 0 

Trypsin 3 

47. 0 

I. 0 

22. 8 


All of the digestion experiments were begun with freshly hashed beef 
or immature veal, except experiments 5 to 8, in which powdered meats 
beef sample i.i and veal sample i.i, were used. These were prepared 
as follows: 

Veal sample i.i : Seven kgm. of veal sample i were hashed and trans- 
ferred to two 8-liter wide-mouth bottles. Seven liters of 50 per cent 
alcohol were added and the mixture well stirred. After 24 hours the 50 
per cent alcohol was strained off through cheesecloth and replaced with 
an equal volume of 75 per cent and the next day with 95 per cent alcohol 
This was followed by two treatments with 2 liters of absolute ether. 
The ether was removed by straining through cheesecloth and squeezing 
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the material, after which most of the ether was removed by exposing the 
veal to the air in large crystallizing dishes. The veal was then heated 
in the hot-water oven at 85° C. (flame out) for two hours, and bottled. 

Beef sample i.i: Fourteen hundred grams of beef sample i were 
treated with alcohol and ether in exactly the same way as veal sample 
I.I, using 1,400 c. c. of alcohol, etc. 

When portions of these powdered-meat preparations were weighed 
for digestions, portions were also weighed for moisture determinations, 
so that the final weights were based on the dry material. Total nitrogen 
per gram of beef sample i.i, 57.2 c. c. Nfs nitrogen; per gram of veal 
sample i.i, 57.8 c. c. iV/5 nitrogen. Other analytic data are given in 
Table V. 

FIRST method: weighing the undigested meat residues 

Portions of 5 gm. each of tlie raw hashed beef and veal were weighed into 200 c. c. 
Brlenmeyer flasks. After adding 40 c. c. of water to each flask and stirring, the flasks 
were kept in a boiling- water bath for i hour. They were then cooled, weighed, and 
the evaporated water replaced. To each flask 50 c. c. of 0.4 per cent hydrochloric 
acid were added, followed shortly afterwards by the addition of 10 c. c. of the pepsin 
solution. Three flasks containing beef and three containing veal were generally used 
in a single experiment (see Table VIII). In the controls on the acid 10 c. c. of water 
instead of the pepsin solution were added. 

The digestion was considered to have begun when the pepsin was added. During 
the digestion period the flasks were rotated occasionally, so as to mix the contents. 
When the digestion period had ended, the filtration of the residue, consisting of undi- 
gested meat, fat, etc., was begun. For this purpose loose-textured filter papers 
(Schleicher & Schull’s No. 589, white band, 15 cm.) were used. These papers, con- 
tained in weighing bottles, had previously been dried for several hours at 95° C. in 
the hot- water oven until the change in weight after a second drying was slight. Dry- 
ing such papers to absolutely constant weight w^as as difficult as drying meat to con- 
stant weight without decomposition or oxidation. 

It is at this point tliat the worker loses control over tlic method. When filtration 
was rapid, which sometimes happened, the separation of undigested meat from the 
pepsin-hydrochloric-acid solution ended the digestion period quite sharply, so far 
as the residue was concerned. But, as was generally the case, filtration was slow 
because the residue was gelatinous and clogged the filter, and it was not possible to 
end tlie digestion period shortly after filtration was begun because digestion continued 
as long as the pepsin-hydrochloric-acid solution was in contact with undigested meat. 
Fortunately, the digestive process becomes slow as the meat approaches complete 
digestion, so that the error from this source probably amounts to less than 10 per cent 
of the correct result. 

When filtration was complete or nearly so, the residues were washed with water, 
transferred with the paper to the corresponding weighing bottles, and dried to ap- 
proximately constant weight at 95° C. in the hot-water oven. From the data for 
moisture, the original 5-gm. portions of fresh meat were calculated to the dry weight. 
The weight of the dry, undigested residue divided by the corresponding weight of 
dry meat gave the percentage of beef or veal present as undigested residue (see ** Per- 
centages of meat digested,*' p. 700). 

Aan PROTEiNATE.— The value of the determination of acid proteinate in digestion 
mixtures has been pointed out by Gies (Hawk and Gies, 1902). The firet step in the 



Jan. xo» Z9 x6 


Mature Beef and Immature Veal 


687 


digestion of a protein by pepsin-hydrocbloricacid solution is the combination of the 
protein and the acid to form a class of substances known as acid proteinates. These 
are soluble in dilute acids and alkalies, but are insoluble in water. 

- The filtrates obtained at the end of the digestion period contained (i) the acid 
proteinates and (2) the next cleavage products of the acid proteinate, the proteoses 
and peptones. A measured amoimt of filtrate, generally between 50 and 80 c. c., 
taken before the washing of the residue was begun, was nearly neutralized with Nl$ 
sodium hydroxid. The exact amount added varied in the different experiments; 
calculated to 100 c. c. of filtrate it varied around 21 c. c. The 100 c. c. of 0.2 per cent 
hydrochloric acid in which the digestions were made were equivalent to 28 c. c. of 
approximately iV/5 sodium hydroxid. The addition of alkali was stopped when a 
fiocculent precipitate of acid proteinate was throv^n down. The mixture was then 
rapidly brought to a boil and filtered on a weighed paper. This was dried along with 
the undigested residues, and the results calculated in the same way. 

The difficulties involved in promptly checking the action of the pepsin at the end 
of the digestion period were very apparent to Grindley, Mojonnier, and Porter (1907, 
p. 68), who after many trials found that the addition of formaldehyde solution to a 
digestion mixture brought the digestion to a close. Differences in length of time 
required for filtration will not then involve the error previously mentioned. This 
method , however, is not the only one . By using small amounts of pepsin the d igestion 
period may be made long; and then it makes little difference whether a particular 
mixture requires a few more or a few less hours to filter completely. An objection 
to this procedure is that the acid alone in the control may digest as much as the acid 
plus the small amount of pepsin, and the action of the pepsin under such conditions 
can not be measured with certainty. Further, the amount of pepsin must not be 
large enough to permit the digestive processes to go to completion, for the undigested 
residue then obtained represents material not digestible under the conditions, and 
no information is obtained regarding the rate at which digestion took place. If 
allowed time enough, both a fast horse and a slow horse will be found at the same 
place at the end of a race. In experiment 13, Table VIII, the undigested residues 
obtained after long digestion with fairly large amounts of pepsin represented the 
amount of meat constituents not digestible by the pepsin-hydrochloric-acid solution. 

No information as to whether the beef or the veal digested faster could be obtained 
from such data. That the residues in this experiment were almost certainly fat is 
indicated by the results of Table IX, with which experiment 13 is comparable because 
the concentration of pepsin was the same in both — i. e., 10 mgm. to 100 c. c. of 0.2 
per cent hydrochloric acid. Under these conditions practically all of the nitrogen in 
the beef and veal went into solution in 24 hours, leaving the fat, which is not digested 
by pepsin-hydrochloric-acid solution. Fat determinations were not made. Accord- 
ing to Fish (1911, p. 132), beef contains more fat than ordinary veal. This is proba- 
bly still more true of immature veal. The larger residues from beef in experiment 
13 are in accord with the data of Fi^. 
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Table VIII. — Comparative digestibility of mature beef and immature veal in pepsin^ 

hydrochloric-acid solution 

BEEP AND VEAL SAMPLES I 


Experi- 

ment 

No. 

Digestion period. 

Filtrate neutralized 
after — 

Pepsin 

I. 




Mgnu 

r 

I 

8 days 

4 hours 





1 0. 01 




i .01 

2 

8 days 

4 hours 

/ 




\ . 10 


iX hours 

hour 

•1 10. 0 




I10.0 

( 

46. . . . 

3 hours 

hour 

< 10. 0 




I10.0 


Percentage of 
beef present 
as — 

Percentage of 
veal present 
as — 

Tempera- 

ture. 

Undi- 

gested 

residue. 

Acid 

prote- 

inate. 

Undi- 

gested 

residue. 

Acid 

prote- 

inate. 

Per 

Per 

Per 

Per 

V. 

cent. 

cent. 

cent. 

cent. 


79 

4 

74 

5 


79 

8 

73 

5 

1 Room. 

64 

16 

63 

9 


^>3 

12 

60 

10 

J 

22 

31 

29 

21 

1 Do. 

25 

29 

26 

22 


84 

4 

8s 

4 


43 

(a) 

52 

5 

40 

43 

II 

54 

6 


66 

22 

45 

12 


30 

14 

34 

7 

40 

24 

16 

27 

8 



BEEP AND VEAL samples 1. 1 





{ 

12 

II 

20 

16 

s*.... 

46 days 

24 hours 

.01 

II 

37 

37 

4 




1 -oi 

8 

23 

43 

34 




1 

82 

II 

78 

10 

6 

10 days 

10 hoturs 


IC 

^8 

42 

24 




\ .xo 

17 

38 

34 

3 S 




f 

88 

10 

94 

0 ' 

7 

4 hours 

I hour 


II 

2 K 


21 




1x0.0 

II 

* .7 

26 

00 

33 

21 i 




\ 

87 

8.3 

8 


< 10. 0 
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27 



1 
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25 
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BEEF AND VEAL SAMPLES 2 



y2 hour. . . 


holu*. 


4 hours. 



84 

6 

79 

4 


10. 0 

27 

7 

21 

7 

40 

(10 0 

30 

7 

21 

6 



78 

73 


<10 0 

42 

32 

40 

(10. 0 

44 

29 



76 

II 

77 

3 


10. 0 

36 

9 

25 

6 

40 

10. 0 

44 

9 

28 

6 



80 

77 


10. 0 

53 

32 

40 

[10. 0 

S 9 

33 



74 

14 

73 

9 


10. 0 

20 

0 

15 

0 


10. 0 

15 

0 

12 

0 

► Room. 

10. 0 

20 

0 

12 

0 


10. 0 

23 

0 

II 

0 


lio. 0 

19 

0 





a Determination lost. 

fc The £asks contatning the 5‘>gm. portions of hashed beef and veal were kept in cold storage at a* C. for 
three weekly during which time autolysis went on. This probably accounts for the small residues in the 
blanks, which contained hydrochloric acid but no pepsin. While in cold storage the flasks contained 
nothing but the meat. 

e Szperimeot 5 is to be rejected. The cemtinued action of molds during the digestion period invalidated 
the results. 
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A second method of checking^he action of the pepsin-hydrocloric-acid sdlution used 
in experiments 8, 10, and 12 involved nothing more than the neutralization of the diges- 
tion mixture at the end of the desired time. Pepsin digests in tlie presence of free acid ; 
it does not act in neutral solutions with any appreciable speed. Thus in experiment 
10, and in experiment 12, which was a repetition of experiment 10, exactly four hours 
after the digestion was begun by adding the pepsin solution to 5-gm. portions of meat 
suspended in 100 c. c. portions of 0.2 per cent hydrochloric acid, the entire mixture 
was neutralized by the addition of 2 1 to 25 c. c. of Nj^ sodium hydroxid. This checked 
the peptic action at once, but also precipitated the acid proteinate. The mixture was 
then quickly brought to a boil, after which filtration, whether fast or slow, may be 
continued at the convenience of the worker. Obviously the residue in this case does 
not give as detailed information as that obtained by filtration of undigested residue 
and precipitation of acid proteinate in the filtrate. In experiments 10 and 12 the veal 
digested a little faster than the beef. 

In experiments 5 to 8, practically fat-free beef and veal, prepared as described on 
page 685, were used. The object was to eliminate the error due to the fat, which , when 
present, is weighed with the undigested protein. One-gm. portions of the dry powders 
were used instead of the 5-gm. portions of fresh meat. Otherwise the procedure was 
the same as in the other experiments, except that, in so far as the proteins present 
had already been coagulated by exposure to alcohol, ether, and a temperature of 85° C., 
heating the mixture of meat powder and water in a boiling-water bath was omitted. 
The results in experiment 5 were invalidated by molds. In experiments 6 to 8 the 
results indicate a slightly more rapid digestion of beef sample i.i. 

The most interesting results in Table VIII are those of experiments 1,2, and 6. In 
experiment i so minute a quantity of pepsin as o.oi mgm. in 100 c. c. of 0.2 per cent 
hydrochloric acid exerted an equally distinct digestive action on Ijoth the beef and 
veal. With o.i mgm. of pepsin the digestion was unmistakable, indicating that in 
these particular cases the immature veal was as susceptible to the action of minute 
amounts of pepsin as the mature beef. To ascertain w’hether this was true or not was 
the object of experiments i and 2. 

It will be noticed that in the experiments summarized in the table the amounts 
of pepsin used varied from o.oi mgm. to 1,000 times this amount — i. e., lo.o mgm. A 
wide range of enzym concentration in such wwk is not only desirable but almost 
necessary. What is true at one concentration of enzym may not be true at another 
very different one. Thus, Berg and Gies (1907) found that in acetic acid fibrin w’ould 
digest very slowly when the amount of pepsin present w^as comparatively small, but 
in the presence of large amounts of this enzym digestion proceeded with a wholly 
unexpected speed. 

A comparison of the results for beef in Table VIII with some of the data obtained 
by Grindley, Mojoimier, and Porter (1907, p. 66) in their artificial-digestion experi- 
ments can not very well be made. These investigators used 250 mgm. of pepsin per 
100 c. c. of 0.33 per cent hydrochloric acid. The kind of pepsin preparation used was 
not stated, but, assuming it to be the usual i to 3,000 product, their digestion mixtures 
contained 2 5 times as much pepsin as the strongest digestion mixtures mentioned in 
Tables VIII or IX. Their conditions of comparatively high pepsin and high acid 
concentration probably were not favorable for the detection of small differences in 
digestibility, although these conditions may have been desirable for other reasons. 

Perhaps the only work with which the data oT Table VIII can be compared are the 
recent results obtained by Fish (1914) on the comparative digestibility of beef, market 
veal, and immature veal. In the absence of a statement pertaining to the treatment 
of the meats, the inference may perhaps be dravTX that the digestion experiments were 
made on raw meats. Otherwise , the general method and conditions of Fish ’s digestion 
experiments were similar to those in experiments i to 13. Samples from 22 immature 
17209*"— 16 3 
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veal calves were compared with an almost equal number of samples of market veal and 
beef, using “3.35 milligrams of scale pepsin*' in 100 c. c. of 0.2 per cent hydrochloric 
acid. Fish (p. 52-53) concludes this part of the work with the following statement: 

The results show that, as regards the averag:es, the differences in the digestibility of 
the tissues of bob veal and market veal are so slight as to be negligible ; but such as they 
are, they are slightly in favor of the bob veal as a whole. The differences between the 
beef and veal is [sic] more noticeable, but the apparent greater digestibility of the 
veal may be due in part to the fact that as a rule there is a slightly smaller percentage 
of water present in the beef as well as a somewhat greater amount of connective tissue. 
As the greatest difference shown by the averages is but 3 per cent under the condi- 
tions of the experiments, it would indicate no serious difficulties in the digestibility 
of any of the material. 

A redeeming feature of the method used in experiments i to 13 is its simplicity, 
both in the technic used and the equipment required. That the results obtained are 
substantially correct is indicated by the fact that repetitions of the measurements, 
^using different methods, involving different errors, yielded similar results. 

sneoND method: measuring the rate or formation or proteose, peptone, 

AND amino-acid NITROGEN 

Into each of two 2-liter Jena Erlenmeyer flasks 100 gm. of freshly hashed beef were 
weighed to the o.i gm. Similar portions of veal were weighed into two similar flasks. 
After adding 750 c. c. of water to each flask and stirring, the flasks were kept in a boil- 
ing-water bath for one hour. They were then cooled, weighed, and the evaporated 
water replaced. The stoppered flasks remained in cold storage overnight. Two of 
these, one of beef and one of veal, were used for the determination of extractive 
nitrogen as already described on p. 673. The next morning the flask containing 
the beef and the flask containing the veal for the digestion experiment were quickly 
warmed to 40® C. The dry, powdered enzym was then added, followed by i liter of 
0.4 per cent hydrochloric acid or of i per cent sodium-carbonate solution. Water 
was then added to bring the final volume up to 2,000 c. c. In this way every diges- 
tion experiment was begun with 100 gm. of beef or veal, plus 2,000 c. c. of 0.2 per 
cent hydrochloric acid when pepsin was used (see Table IX), or 2,000 c. c. of 0.5 per 
cent sodium carbonate when trypsin was used (see Table X). During the course of 
the digestion the flasks were kept in a 40® C. water bath, except when they were 
removed to mix their contents or to take samples for analysis. The treatment of the 
digestion mixtures containing pepsin-hydrochloric-acid solution and those containing 
trypsin-sodium carbonate solution will be described separately. 

Digestion in pepsin-hydrochloric-acid solution. —During the earlier part of 
the experiment the contents of the flasks were mixed about every 15 minutes. Later, 
when most of the meat had gone into solution, the mixing was done at longer intervals, 
but always the same for both flasks. In the experiments summarized in Table IX the 
rate of digestion was measured at the time intervals there indicated by removing 
100 c. c. portions of supernatant digestion fluid and determining in this the amount 
of nitrogen present as acid proteinate, proteoses, and peptones. By difference the 
nitrogen in the tmdigested residue could be obtained. If, for example, it was desired 
to obtain data on veal for one hour’s digestion, the veal mixture was well mixed 45 
minutes after the digestion was begun and was allowed to remain in the water bath 
for 10 minutes, in order to allow meat particles to settle to the bottom of the flask. 
The flask was then removed from the bath, and with a calibrated 100 c. c. pipette 100 
c. c. of the supernatant suspension was transferred to a 200 c. c. Erlenmeyer flask. 
Exactly 60 minutes after the digestion began, the action of the pepsin-hydrochloric- 
acid solution was stopped by nearly neutralizing the contents of the 200 c. c. Erlen- 
meyer flask by the addition of iST/y sodium hydroxid and bringing it to a boil by heat- 
ing directly over a Bunsen burner. The flask containing the digestion mixture was 
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replaced in the bath. The quantities of AT/j sodium hydroxid used varied from 18 
to 29 c. c. The neutralization is satisfactory when a flocculent precipitate appears. 
In the same way 100 c. c. of the digestion fluid from the beef mixture were removed 
and neutralized 60 minutes after starting the beef digestion. 

In this way portions of the digestion mixtures of beef and veal were removed for 
neutralization on the minute, at intervals of i, 2, 4, 7, and 24 hours. Fifteen min- 
utes before neutralization the flask contents were mixed and allowed to stand for 10 
minutes. A 100 c. c. portion was then removed from the bulk of the digestion mix- 
ture 5 minutes before neutralization. 

The precipitated acid protcinate was filtered, washed, and nitrogen was determined 
by the Kjeldahl method. The results obtained are given in Table IX under the 
heading “Quantity of iV/5 acid-proteinate nitrogen.’* 

The filtrate was transferred to a Kjeldahl flask and the total nitrogen determined. 
This filtrate contained nitrogen derived from (i) the proteoses and peptones formed 
by the digestion of the meat, (2) the extractives present before digestion began, and 
(3) the pepsin. The figure for total nitrogen obtained on the filtrate is the sum of 
these three. The data recorded in Table IX under the heading “Quantity of Nj^ 
proteose and peptone nitrogen ’ ’ are the figures actually obtained and corrected for the 
sura of the extractive and pepsin nitrogen. Thus, in experiment 14 the results 
obtained for one hour’s digestion of beef sample 3 w'ere, for the precipitated acid pro- 
teinate, 2.7 c. c. of Njs nitrogen; for the filtrate, 23.8 c. c. From this latter figure 
there was subtracted 8.0 c. c., this being the sum of the extractive nitrogen in that 
sample of beef at that time , and the nitrogen present in the pepsin added. The method 
of determining extractive nitrogen is described on page 673. 

During the digestion the water contained in the meat is liberated and dilutes the 
digestion fluid to a slight extent. No correction for this was made, except in those 
particular cases where the correction is indicated. 

The “theoretical maximum” for proteose and peptone nitrogen in 100 c. c. of 
digestion fluid was calculated in the following manner: The sum of the total nitrogen 
in 100 gm. of fresh meat plus tlie pepsin nitrogen was divided by the volume of the 
digestion fluid at complete digestion — i. e., 2,000 c. c. plus the volume of water in the 
100 gra. of meat. 

By the terra “ Age of meat, days, ’ ’ at the bottom of Table IX is meant the number of 
days the meat was in cold storage before being boiled. Thus, in experiment 21 beef 
sample 6 and veal sample 6 were hashed and boiled after 13 days in cold storage, and 
on the next day digestion was begim. These figures do not refer to the age of the calf 
when killed, this having been given in Table I. 

It will be noticed that the theoretical maximum for proteose and peptone nitrogen 
is approximately 50 c. c. of AT/y nitrogen in nearly all the experiments. In order to 
obtain the percentage of nitrogen present as proteoses and peptones at any time, it is 
only necessary to multiply the corresponding figure by 2. Thus, in experiment 
19, at the end of seven hours approximately 82 per cent of the veal (4i.o-*-48.o) had 
been transformed into proteoses and peptones. It is obvious that both the beef and 
the veal were digested with practically the same speed and that at the end of 24 hours 
the transformation into proteoses and peptones was complete. 

For practical purposes the digestive process may here be regarded as taking place 
in two stages: (i) The transformation of the native meat proteins to acid proteinate 
by combination with the hydrochloric acid, and (2) the cleavage of the acid proteinate 
into the smaller molecules of proteoses and peptones. 

The data in Table IX indicate that both processes took place with equal speed in 
the beef and veal. 

The undigested residues weighed in experiment 13, Table VIII, probably contained 
very little nitrogen. The concentration of pepsin in experiments 9 to 13 was the same 
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as in the experiments in Jable IX. By comparing the results of experiment 13 with 
those of experiment 14, for example, it will be apparent that the undigested residues 
in experiment 13 give an imperfect idea of the amount of indigestible protein present 
in beef and veal; according to the data of Table IX practically all of the nitrogen was 
in soluble form at the end of 24 hours. 

The conditions of the experiments in Table IX were as follows: In each experiment 
the digestion mixture consisted of 100 gm. of meat plus 2,000 c. c. of 0.2 per cent 
hydrochloric acid plus 200 mgm. of pepsin i. For nitrogen determinations 100 c.c. 
of digestion fluid, equivalent to approximately 5 gm. of meat, were used. 

Table IX. — Rate of formation of proteoses and peptones in pepsin hydrochloric-acid 

solution 

QUANTITY (in CUBIC CENTIMETERS) OR N/5 PROTEOSE AND PEPTONE NITROGEN 


Digestion period. 




Experiment No. - 

- 




14 

17 

19 
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1 

1 

Beef 
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3 * 

Veal j 
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Skim 
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1. 
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6 . 

Ve&l 
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6 . 

Beef 
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7 * 
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7. 

Hours . 











1 

IS- 8 

10.3 

15.6 

16.8 

27.7 

12. 6 

1.^.7 

12 . I 

17. I 

II. 6 

2 

24. 7 

20. 5 

26.8 

26.6 

37.2 

23.4 

23.4 

19.3 

27.9 

1 S.S 

4 

33-8 

31- I 

37-8 

36-3 

43 - 8 

34 - 6 

33. I 

29. 6 

37*9 

29. 0 

7 

41. 8 

39. 5 

45-3 

41.4 

46. 2 

41. 0 

41. 0 

37-8 

44. 2 

36- 7 

24 

50 - 7 

47. I 

52.3 

46. 7 

50- 4 

46.6 

52. 8 

(a) 

52* 9 

4 S- 5 

Theoretical 











maximum 

SI. 8 

•48.3 

53 * I 

48. 0 

54.8 

48. 0 

53.8 

43*8 

54. 2 

47*3 

Extractiv e 











nitrogen. . 

7.5 

8.9 

7.2 

7.8 

3. 7 

7-8 

8 . I 

7 - 7 

7 - 5 

II. I 

Pepsin ni- 











trogen . . . 

•5 

• s 

. 5 

•5 

. 5 

• S 

.5 

•5 

• 5 

•5 


QUANTITY (in CUBIC CENTIMETERS) OP N/5 ACID PROTElNATE NITROGEN 


Hours , 

I 

2. 7 

I- 5 

4. 6 

4. 2 

26. 0 

2.4 

2.8 

I. 6 

3-3 

1-5 

2 

3-9 

2. 8 

4.8 

4.9 

17-3 

4. 5 

4. 7 

3 - 2 

5> 2 

3 - 7 

4 

3.4 

3-6 

5-0 

4.6 

10 8 

4. 6 

5-4 

4 - 3 

4. 9 

4.0 

7 

3-3 

4-3 

3-8 

5 - I 

8.2 

5-6 

5-2 

5-9 

4. I 

4.2 

24 

3-0 

4, 0 

3-3 

4.2 

4.3 

4 - 9 

3 - 7 

4. 5 

2. 7 

4. 0 

Age of meat, 
days 

8 

8 

0 

0 

1 

18 

18 

* 13 

13 

3 

3 


» Determination lost. Result obtained at 53 hours (47.1 c. cf.) is probably incorrect, being larger than the 
theoretical maximum for that mixture. 


The results of the experiments in Table IX can be plotted, and curves, of which 
the following are typical, obtained (fig. i). 

After several comparisons of veal with beef showed no appreciable differences 
between the two as regards their behavior in pepsin hydrochloric acid or in trypsin 
sodium carbonate, it was desirable to compare the veal with some other protein 
material in order to be certain that the method used would detect a difference in the 
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rate of digestion when such a difference existed. Accordingly, in experiment 19, 
veal sample 5 was compared with a sample of raw skim milk obtained in the fresh 
condition from the Dairy Division, IJureau of Animal Industry. Instead of 100 gm. 
of beef, 600 gm. of the skim milk were transferred to a 2-liter Erlenmeyer flask. The 
specific gravity of skim-milk sample i was 1.0352 at 26° C., and, hence, the volume 
of the 600 gm. was 600/1.0352, or 579.2 c. c. This was regarded as if it were 100 gm. 
of beef plus 479 c. c. of water. To this amount, 316 c. c. of water were added, the 
milk being kept in a boiling- water bath for five minutes. It was kept in cold storage 
overnight with veal sample 5; the next morning it was treated in the usual way 
along with tliis sample. At the beginning of the digestion the volume of the skim- 
milk digestion mixture was 2,096 c. c., which is practically the volume of the meat 
mixtm-es — i. e., 2,000 c. c. plus the volume of 100 gm. of meat, which lies between 
75 and 100 c. c. A similar sample of skim milk in 0.2 per cent hydrochloric acid 
was used for the determination of extractive nitrogen. Skim-milk sample i con- 



Fig 1 — l^xpcriment 14 Curv'e showing the quantity (in cubic centimeters) of A 7 f nitrogen in 100 c c. 
of digestion fluid, equivalent to approximately 5 gm of meat; used loo gm. of meat, 2,ocx> c c of o 2 per 
cent hydrochloric acid, and 200 mgm of pepsm i. 


tained 2.05 c.c.of Nj^ nitrogen per gram, or 0.574 per cent. The extractive nitrogen 
was 6.3 jier cent of the total nitrogen. 

In precipitating the undigested proteins and the acid proteinate by neutralization 
and heat, care was taken to test the filtrates with acid and alkali, in order to be certain 
that precipitable protein was not present in any of the filtrates. The complete 
precipitation, though troublesome, was not difticult. The precipitates, containing 
both undigested proteins and acid proteinate, were determined for nitrogen by the 
Kjeldahl method in tlie usual manner and tlie results recorded under the heading 

Quantity (in cubic centimeters) of A75 acid proteinate nitrogen.” The figures for 
proteose and peptone nitrogen obtained from the filtrates indicate that tliis trans- 
formation was more rapid in the skim milk than in the veal. This is, of course, easily 
accounted for by the fact that the skim-milk proteins were in solution or suspension 
at the beginning of tlie digestion, while the veal particles took time to go into solution. 

Digestion in trypsin sodium carbonate solution. — In general , these experiments 
were carried out in exactly the same way as the digestions in pepsin hydrochloric 
acid solution. Dry, powdered trypsin preparations were used. Portions of these 
were weighed and transferred to the digestion mixtures in the same way as the pepsin. 
Instead of i liter of 0.4 per cent hydrochloric acid, the same volume of i per cent 
sodium carbonate was added. The digestions in experiments 15 to 34 (Tables X and XI) 
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were all made in 0.5 per cent sodium carbonate. Although tr3rpsin i and trypsin 3 
had the same total nitrogen contents (see Table VII), trypsin i was the more active 
preparation. This is evident from the fact thaf in experiments 18, 20, and 22 (Table 
X) digestion had proceeded as far in seven hours as in experiments 32 and 34 at the 
end of six hours, although in the latter experiments twice the weight of trypsin was 
used. 

The 100 c. c. portions of digestion fluid were neutralized with 24.5 c. c. of 2 iV 2}$ 
sulphuric acid, the exact strength of which was N 2lg x 0.98. This was sufficient to 
neutralize the sodium carbonate present and leave about 0.5 c. c. of the acid in excess, 
preventing the escape of ammonia when the mixture was brought to a boil. The 
filtration and determination of total nitrogen in the precipitated alkali proteinate 
and in the filtrate were carried out as described in the acid digestions. 

It is to be noted that, while small amounts of pepsin in hydrochloric acid will' 
rapidly digest meat proteins to the proteose and peptone stage but no further, trypsin, 
although much slower in its action, will further split the meat proteins into amino 
acids. This is the reason for the data under “Quantity of N/s proteose, peptone, 
and amino-acid nitrogen ” in Tables X and XI. Tlie statement of results in Table X 
is, in general, similar to that in Table IX. 

The conditions of experiments 15 to 24 were as follows: In each experiment the 
digestion mixture consisted of 100 gm. of meat plus 2,000 c. c. of 0.5 per cent sodium- 
carbonate solution plus 2.000 gm. of trypsin i; except experiment 15, in which 2,000 
gm. of pancreatin i was used. For nitrogen determinations, 100 c. c. of digestion 
fluid, equivalent to approximately 5 gm. of meat, were used. 

Tabl^ X. — Rate of formation of proteoses^ peptones ^ and amino acids in trypsin-sodium'- 

carbonate solution 

QUANTITY (in CUBIC CRNTlMitTBRS) OP N/s PROTBOSH, PEPTONB. AND AMINO-AaD NITROGEN 


nxpmmcnt No. 


Digestion period. 

IS 

16 

18 

20 

72 

24 


Beef 
.sam- 
ple 4, 

Veal 
sam- 
ple 4. 

Beef 
sam- 
ple 4. 

Veal 
sam- 
ple 4. 

Beef 

sam- 
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Veal 

sam- 

ples* 

Beef 
sam- 
ple 6. 

Veal 
sam- 
ple 6. 

Beef 
sam- 
ple 6. 

Veal 
sam- 
ple 6. 

Beef 
sam- 
ple 7. 

Veal 
sam- 
ple 7. 

Hours. 

I 

5-0 

6-5 

9-3 

7-7 

II. 4 

9*3 

9.2 

8.4 

7*7 

6 . 3 

7.8 

8.t 


10. 7 

II. 7 

16. 9 

15.4 

20. 7 

16.6 

18.5 

16.0 

X4*5 

13.4 

13.8 

14. 0 

4.. 

16,5 

17-9 

<*28.3 

“28.1 

29 8 

25.6 

29. 1 

24. 6 

23*0 

31. I 

20.3 

19 * a 

7 

22 2 

23-5 

®34*i 

“34-7 

38*7 

33*3 

37*4 

31*5 

30* 2 

26 . 3 

36. 1 

32.9 

*4 

33* 7 

34* It 

42.9 

1 43-6 

47 6 

42. 2 

46. 7 

[ 40. 6 

43* 7 

36*8 

1 36.9 

28.5 

Theoretical maximum 

52 - 7 

46. 1 

53-2 

46.6 

53*4 

48*3 

S4*i 

44* I 

54‘ X 

44.1 

50. 1 

32 * 5 

l^xtractive nitrogen . . 

7- a 

8.4 

7- a 

8. 4 

7.3 

7*8 

8.1 

7*7 

8.1 

7* 7 

II. 9 

36.3 

Trypsin nitrogen 

4. 1 

4 ’X 

4*3 

4-3 

4*3 

4*3 

4*3 

4*3 

4*3 

4*3 

4*3 

4*3 


quantity (in cubic centimeters) op N/s ALKAU-PROTBINATE NITROGEN 
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In experiments 15 to 24, becatise of the comparatively large weight of trypsin used, 
it was desirable to ascertain how much of the trypsin nitrogen appeared in the neu- 
tralized digestion hltrate and in the precipitate of alkali proteinate, in order that 
both may be corrected by the amounts foimd. Accordingly, two portions of trypsin 
1, each weighing 100 mgm., were dissolved in 100 c. c. of 0.5 per cent sodium carbo- 
nate and precipitated with 48 c. c. of iV/5 sulphuric acid , as in the digestion experi- 
ments. The mixtures were heated to a boil and filtered. The total nitrogen (JV/5) 
in the filtrates was 4.25 and 4.40 c. c.; in the precipitates, 0.47 and 0.70 c. c. The 
averages of these are recorded in Table X, and both were used as corrections, as 
already described on page 691. For trypsins 2 and 3 the term “trypsin nitrogen** 
in Table XI means the total nitrogen in the trypsin present in the 100 c. c. of diges- 
tion fluid. Trypsin 2 contained approximately 90 per cent of its nitrogen as ammo- 
nia, and consequently the amount precipitated with the alkali proteinate was dis- 
regarded. The results for alkali proteinate in experiments 31 to 34 with trypsin 3 
showed that the correction for alkali proteinate derived from the trypsin must have 
been similar to that in trypsin i, and the determination of this correction was 
omitted. 

In experiment 18, for example, 100 c. c. of veal sample 5 digestion fluid were neutral- 
ized exactly four hours after the digestion began, and the mixture was brought to a boil 
and filtered. The filtrate contained 37.7 c. c. of JV/5 nitrogen, of which 4.3 c. c. 
were derived from the trypsin present and 7.8 c. c. from the extractives present before 
the digestion was begun; and the figure recorded, 25.6 c. c., is the amount of pro- 
teose, peptone, and amino-acid nitrogen actually formed by the digestive process. 
The precipitated alkali proteinate contained 6.3 c. c. of Njs nitrogen, of which 0.6 
c. c. was derived from the trypsin. The corrected figure, 5.7 c. c., is recorded in 
Table X. 

The results with trypsin are practically the same as those with pepsin. They 
indicate that both the beef and the veal digested with practically the same speed. 
The presence of only small amounts of alkali proteinate through tlie experiments 
indicates that just as soon as the beef or the veal goes into solution as alkali proteinate 
this is promptly split into the simpler molecules of proteoses, etc. — i. e., the equal- 
ity in speed of digestion pertains both to the first and to the later stages in tlie diges- 
tive process for both beef and veal. At no time was there any indication that either 
the beef or the veal contained any nitrogenous substances resistant to the action of 
the trypsin. In experiments 16 to 24, Table X, approximately 90 per cent of the 
veal had gone into solution at the end of 24 hours, with similar results for the beef. 

In experiments 26 to 34, Table XI, the rate of digestion was measured by both 
the second and third methods. The comparisons between veal sample 9 and skim* 
milk sample 2 in experiments 27 and 28 were made for the purpose of ascertaining 
whether the method used would detect a difference in rate of digestion when such 
a difference was large. Experiment 28 was a repetition of experiment 27. On 
account of the comparatively vigorous action of pepsin-hy’^drochloric-acid solution 
veal sample 5 in experiment 19 very soon “caught up** with skim-milk sample i; 
but in experiments 27 and 28 the striking difference between the rate of digestion 
of skim-milk sample 2 and veal sample 9 was brought out by the less vigorous cleav- 
age of the trypsin-sodium-carbonate solution. The treatment of skim-milk sample 
2 was similar to that of skim-milk sample 1. Skim-milk sample 2 was obtained by 
skimming, with the aid of a siphon, a sample of ordinary pasteurized milk obtained 
from a dealer. One gm. of skim-milk sample 2 contained 1.88 c. c. of Njs total nitro- 
gen, or 0.529 per cent. The extractive nitrogen in experiments 27 and 28 was 11.6 
and 14.2 per cent, respectively, of the total. The specific gravity was 1.0334 at 
26® C, Six hundred gm. of skim-milk sample 2 were weighed into a 2-liter Erlen- 
meyer flask. ^The calculated volume of the skim milk was 580.4 c. c. To this 316.4 
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gm, of water were added and the flask kept in a boiling- water bath for 15 minutes. 
The temperature inside the flask was 89® C. The evaporated weight of water was 
replaced. The heated skim milk was kept overnight in cold storage and digested 
the next morning with veal sample 9, after the addition of 2,000 gms. of trypsin 2, 
I liter of I per cent sodium carbonate, and 200 c. c. of water; total volume, 2,098 c. c. 
The neutralization of the 100 c. c. portions of digestion fluid were made, as usual, 
with 24.5 c. c. of NI0.4 sulphuric acid, followed by heating to a boil. Extractive 
nitrogen was determined in a similar portion of skim-niilk sample 2 in 0,5 per cent 
sodium carbonate; 27.5 and 29 c. c. of iV/0.4 sulphuric acid were used for tlie pre- 



^G. a, — ^Experiment 20. Curve showins: the quantity (in cubic centimeters) of Nls nitrogen in icx> c. c. 
of digestion fluid, equivalent to approximately 5 gm. of meat, used 100 gm. of meat, 2,000 c. c. of 0.5 per 
cent soditun carbonate, and a.ooo^m. of trypsin 1. 


cipitation of 30 gms. of skim-milk sample 2 contained in 100 c. c. of 0.5 per cent 
sodium carlx>nate. 

In the two following diagrams (figs. 2 and 3) the data of experiments 20 and 28 
are graphically represented. 

THIRD method: measuring the rate of liberation of free amino groups 

These determinations were made on the same digestion mixtures used in experi- 
ments 26 to 34. Portions of 100 c. c. of the supernatant digestion fluid were removed 
for the determination of tlie nitrogen present as alkali proteinate, proteoses, peptones, 
etc., as already described. In addition, 10 c. c. portions of the digestion fluid were 
transferred to the Van Slyke amino-nitrogen apparatus, and free amino nitrogen was 
determined by the method already described on p. 680. 

In this method, as in the previous ones, particular care was taken to check the 
action of the trypsin on the minute. The digestion mixtines in the 40° C. water bath 
were mixed 1 5 minutes before the time intended for the determination. The undi- 
gested meat particles were allowed to settle for 10 minutes. During this time the 
amino-nitrogen apparatus was made ready for the determination. Two or three 
minutes before the digestion period was to be brought to a close, 10 c. c. of the super- 
natant digestion fluid were transferred to the apparatus, and exactly at the expiration 
of the digestion period the digestion fluid was allowed to enter the reaction chamber 
of the apparatus. This brought the digestion to a close. 

The results obtained are summarized in Table XII. Amino nitrogen in the extrac- 
tives was determined in portions of the same filtrates that were used for total extractive- 
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nitrogen determinations (see p. 696). The results for amino nitrogen in trypsin 2 
were obtained by introducing a solution of the enzym in 0.5 per cent sodium carbonate 
directly into the amino-nitrogen apparatus. The ammonia nitrogen present in this 
preparation reacted completely with nitrous acid in the 20 minutes* reaction period 
used uniformly in the determinations. The small amount of ammonia nitrogen present 
in trypsin 3 permitted the determination of amino nitrogen in the residue obtained 
after ammonia removal and the use of this figure as the correction (sec Table V II). 

The conditions of experiments 26 to 34 were as follows: In each experiment the 
digestion mixture consisted of 100 gm. of meat plus 2,000 c. c. of 0.5 per cent sodium- 



o^o^sr/ow 

T?ui. 3 — Kxporiincnt 2S Curve showing the quantity (in cubic centimeter'’) of "Nfs mtrogen in 100 c. c of 
digestion fluid, equivalent to approximately s gm. of meat or 30 gni. of skim milk; used 100 gm. of veal 
Siunple 9 or 600 gm. of skira-milk sample 2, 2,000 c. c. of o per cent sodium carbonate, and 2.000 gm. of 
trypsin 2. 

carbonate solution plus the amount of tiyTisin indicated in Table XII. For nitrogen 
determinations, 100 c. c. digestion fluid, equivalent to approximately 5 gm. of meat, 
were used. 

Tabu? XI. — Rate of formation of proteoses, peptones, and amino acids in trypiin-sodium- 

carbonate solution 


QUANWY (in cubic CHNTIMETGRS) OP iV/jT PROTEOSE, PEPTONE. AND AMINO-ACID NITROGEN 
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o Results obtained at end of a6 and x68 hours, instead of 2 and 6 hours, 
b Results obtained at end of 7 and 24 hours, instead of a and 6 hours. 
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Table XI . — Rate of formation of proteoses t peptones ^ and amino acids in trypsin-sodium- 
carbonate solution — ^Continued 

OUANTITY (in cubic CSNTIMBTBRS) OF Nfs ALKALI PROTBINaTB NITROGBN 


Experiment No. — 
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It is obvious that the amino nitrogen contained in the digestion fluid and actually 
determined was the sum of the amino nitrogen derived from (i) the trypsin; (2) the 
nitrogenous extractives, both of which were present before digestion began; and (3) 
the amino groups unlinked by the cleavage of the more complex proteoses into the 
simpler peptones and polypeptids. This is brought about by the action of the trypsin- 
sodium-carbonate solution during the digestion process. The results actually obtained 
in the determinations were dimini^ed by the sum of i and 2, so that the figures in 
Table XII correspond to 3, or the amino nitrogen actually formed by the digestion. 
The minus quantities obtained in this way in some of the experiments for the 
15-minute digestion period are probably due to the fact that the errors in determin- 
ing the small amounts of amino nitrogen in i and 2 are large when compared with 
the small amount formed during 15 minutes* digestion. 

DISCUSSION OF THE DIGESTION EXPERIMENTS 

Theoretical maximum. — If the digestion of the meat by trypsin could 
be brought to completion, the meat proteins would be split into simple 
amino acids. Such a complete cleavage of protein by a trypsin sodium- 
carbonate solution seldom, if ever, occurs. One reason is that the action 
of the trypsin becomes slower and slower the nearer the digestipn process 
approaches completion. But by boiling the meat with hydrochloric 
acid, as already described (p. 678), the proteins and other nitrogenous 
substances are completely hydrolyzed, or 100 per cent digested. The 
data in Table XII, under the heading “Theoretical maximum, were ob- 
tained from Table V. The total amino nitrogen obtained from hydro- 
chloric-acid hydrolysis minus the amino nitrogen in the extractives gave 
the figures recorded in Table XII. A slight error was here involved; the 
correction should have been the amino nitrogen in the extractives after 
add hydrolysis, not before. For the present purposes this error is 
regarded as entirely negligible. 


















Table XII . — Rate of Uberatioji of free-amino groups in trypsin-sodium<arbonaie digestion mixtures 


Jan. xo, X916 


Mature Beef and Immature Veal 


699 




700 


Journal of Agricultural Research 


Vol. V. No. IS 


Pi^RCENTAGE OF MEAT DIGESTED. — In 0.5 gm. of meat the theoretical 
maximum amino nitrogen varies between lo and 12 mgm. In order to 
convert the figures tor amino nitrogen in Table XII to the percentage 
of the total amino nitrogen, it is only necessary to multiply them by 
a factor easily obtained mentally, which factor varies from 10 to 8.5. 
Thus, in experiment 32, 10 c. c. of the beef sample ii digestion fluid 
contained 4.16 mgm. of amino nitrogen at the end of six hours. At 
complete digestion 12.39 mgm. would have been present; therefore 
4. 1 6 2.39 or 34 per cent of the total amino nitrogen present had 
been unlinked by the cleavage of polypeptids under the conditions of the 
experiment. The same figure may be obtained directly by multiplying 
in round numbers 4 by 8. A minute before, or after, this particular 
amino-nitrogen determination was begun, a 100 c. c. portion of the same 
digestion fluid had been neutralized by the addition of 24.5 c. c. of iV/5 
sulphuric acid. This mixture was brought to a boil in the next few 
minutes, filtered, and total nitrogen was determined in the filtrate and 
the precipitate. The results were recorded in Table XI. This table 
shows that in the same experiment, No. 32, at the end of six hours* 
digestion of beef sample ii, approximately 60 percent (i. e., 31.7-^51.2) 
of the originally insoluble beef sample ii nitrogenous substances had 
gone into solution as proteoses, peptones, and amino acids. These 
figures show how imperfect is the expression “Percentage of meat 
digested.** The digestion process involves several chemical changes 
which take place at different rates. In general, the cleavage (by trypsin) 
of the larger molecules of alkali proteinate and proteose goes on at a 
comparatively rapid rate, the cleavage of the simpler peptone and poly- 
peptid molecules at a slow rate. These facts are illustrated by the fore- 
going data of experiment 32. By the second method of measuring 
digestion it was shown (Table XI) that at the end of six hours* digestion 
60 per cent of beef sample 1 1 had been transformed into proteoses, pep- 
tones, and amino acids; but by the third method of measuring digestion 
only one-third of the total amino nitrogen present had been unlinked 
(Table XII). The last two statements are correct; but it would not be 
entirely correct to say that according to the second method 60 per cent 
of beef sample 1 1 had digested at the end of six hours, or that 34 per 
cent of beef sample 1 1 under the same conditions had digested, using the 
third method of measuring digestion. A single figure can not describe 
several simultaneous processes in this case. The results in Tables XI and 
XII were obtained with the same digestion mixtures. The results in 
Table XII are expressed in milligrams of amino nitrogen obtained from 
10 c. c. of digestion fluid, equivalent to approximately 0.5 gm. of meat. 

Preservatives not used. — In all the digestion experiments the 
flasks in which the meat was heated and later digested were partly 
sterilized by the heating in the boiling-water bath. During the diges- 
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tions in which the pepsin-hydrochloric-acid solution was used bacterial 
action was excluded from the digestion mixtures by the bactericidal action 
of the 0.2 per cent hydrochloric acid. During the digestions in which 
trypsin-sodium-carbonate solution was used bacterial action was not 
excluded, because any bacteria introduced into the digestion mixtures 
would not be destroyed by 0.5 per cent sodium carbonate. When the 
digestion period was short (Tables X and XI) — i. e., 24 hours or less — the 
possible error due to such recently introduced bacteria was negligible 
because the proteolytic action of the most vigorous proteolytic bacteria 
is very weak when compared with that of trypsin. When the digestion 
period was long enough (Table XII) the chemical changes brought about 
by the bacteria may have appreciably affected the results. No preserva- 
tives were used in any of the digestion experiments. This was regarded 
as an almost necessary condition in view of the fact that both the whole- 
someness of immature veal and the influence of certain preservatives 
on digestion, health, etc., have been subjects of controversy. In the 
third method it was decided to carry on the digestions as aseptically. 
as possible and to regard the results obtained in the first 48 hours as 
practically uninfluenced by bacteria. Generally after a few days putre- 
factive odors were noticed in the digestion mixtures. In so far as a 
very strong putrefactive odor can be caused by slight chemical changes 
in which small amounts of strongly odoriferous substances are pro- 
duced, the amino determinations were made as late as 12 days after 
beginning the digestion in mixtures that were undoubtedly putrefying 
as judged by the odor. The practical necessity of a long digestion 
period in the third method, because of the slowness of amino-nitrogen 
liberation, together with the indeterminate effect of bacteria, is an objec- 
tion to this method. The results of the first and second methods showed 
that under similar conditions mature beef and immature veal proteins 
were digested to the proteose and peptone stage with practically equal 
speed. However valuable such data may be they are not complete 
until the speed of the last transformation in the digestive process is 
measured for both. If the rate of liberation of amino groups in imma- 
ture veal had been found to be slower than in mature beef, that fact 
would have constituted a good reason for the claim that immature veal 
digests with difficulty in the human digestive tract. The principal ad- 
vantage of the third method as applied to digestion mixtures lies in the 
fact that it affords an easy, rapid method of measuring amino-nitrogen 
liberation, which can not easily be measured by other methods. 

Graphic representation of results. — In figure 4 the results for 
amino nitrogen in experiment 32 are plotted. Most of the other cuives 
obtained in this way were flatter because the rate of amino nitrogen 
liberation by trypsin 2 was slower. The curve for experiment 32 indi- 
cates that during the first 36 hours, approximately, the veal digested 
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a little more rapidly than the beef. After 48 hours the digestion mix- 
ture of veal sample 1 1 smelled putrid. In addition to the amino nitro- 
gen liberated by the trypsin in this mixture non-amino nitrogen was 
transformed into amino nitrogen by the bacteria. This was indicated 
by the fact that after 48 hours* digestion amino nitrogen in veal sample 
II was higher than the amount originally present in the meat. During 
the bacterial and tryptic actioii which followed, practically all of the 
nitrogen was transformed to amino nitrogen. The mixture of beef 
sample ii did not smell putrid in this experiment. In experiment 34, 
which was a repetition of experiment 32 except that beef and veal 
samples 12 were used, both mixtures from these samples had become 
putrid, and in both, as the data in Table XI vsliow, the amino nitrogen 



F1G.4. — Experiment 33. Curve showing the quantity (in milligrams) of amino nitrogen in xo c. c. of diges- 
tion fluid; used xoo gm. of meat plus a ,000 c. c. of 0.5 per cent sodium carbonate plus 4,000 gm. of trypsin 3. 


measured was greater in amount than that originally present in the 
meat. In some of the experiments putrefactive odors were not noticed, 
although looked for. 

The general conclusion drawn from the data of Table XII was the 
same as that drawn from Tables X and XI — namely, that mature beef and 
immature veal under the conditions of the experiments were digested 
by trypsin with equal speed. The slight differences noticed were re- 
garded as physiologically insignificant. 

In experiment 27 and its repetition, experiment 28, veal sample 9 was 
compared with skim-milk sample 2, with the same object as before, to 
ascertain whether the method would detect a difference in amino-nitrogen 
liberation where such a difference existed. In both experiments, up to 
and including the ii-hour determinations, amino nitrogen was liberated 
in the skim-milk digestion mixtures much more rapidly than in veal 
sample 9. After this the results were somewhat irregular. 
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Free ammonia formed during digestion. — Because of the slowness 
with which ammonia reacts with nitrous acid (see p. 681) it was desira- 
ble to determine the amount of ammonia formed during the digestion of 
mature beef and immature veal and incidentally to ascertain whether 
the amounts formed were significantly different for the two meats. In 
experiments 15, 18, 20, 22, and 24, after 24 hours' digestion, 100 c. c. 
portions of digestion fluid, containing 0.5 gm. of sodium carbonate and 
corresponding to 5 gm. of meat, were transferred to Kjeldahl flasks, 
diluted to 500 c. c. with distilled water, and the ammonia distilled into 
standard acid. The mixtures were quickly brought to a boil and boiled 
for half an hour. This method is known to give high results, but for 
the purpose of comparison the errors were negligible. In all cases except 
veal sample 7 the ammonia obtained neutralized 2 to 3 c. c. of N/5 
acid, amounts too small to be a disturbing factor in using the third 
method or indicating any differences between the beef and veal. From 
veal sample 7, 7 c. c. of Nj^ ammonia was obtained. This animal was 
sick when purchased (see p. 675). On this score the comparatively 
high ammonia content of trypsin 2 was a disadvantage. 

Blanks on reagents. — It was found convenient to begin each diges- 
tion experiment with fresh alkaline permanganate solution in the 
absorption pipette and to make blank determinations on the nitrous- 
acid reagents, water, octyl alcohol, etc., before, during, and after a 
digestion experiment involving about 20 amino-nitrogen determinations. 
The blank on the reagents, allowing 20 minutes’ reaction time, was 0.6 
c. c. nitrogen gas when the permanganate was fresh and rose to 1.2 c. c. 
after this reagent had been used until absorption had become slow (see 
p. 680). The smallest volume of nitrogen gas measured in the begin- 
ning of a digestion experiment was 3.3 c. c.; the largest, at the end of 
an experiment, 28.7 c, c. 

feeding experiments on cats 

In these experiments cats of various ages were fed on a diet in which 
immature veal was the sole source of nitrogen. 

Osborne and Mendel and their coworkers (1914, p. 334) in their investi- 
gations emphasize the difference between maintenance and growth. Ac- 
cording to these investigators an animal can not maintain its weight unless 
the diet contains tryptophan, although the diet may be physiologically 
sufficient in all other respects. Further, an animal can not grow unless 
lysin is present in the diet, the amount of growth being conditioned 
by the amount of lysin available. Conversely, the absence of these 
unique amino acids results in a decline in weight or in stunted 
growth. According to McCollum and his coworkers (Hart, McCollum, 
et al., 1911), a diet properly balanced for growth may not be properly 
balanced for reproduction — ^i. e., cows fed on either the whole corn plant 
or the whole wheat plant would grow, but vigorous calves would be 
produced only by the corn-fed cows. 
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The principal object of the feeding experiments was to ascertain 
whether growth and reproduction were possible on a diet in which imma- 
ture veal was the sole source of nitrogen. The data of the above inves- 
tigators were used as a guide in planning the experiments. 

Diet. — ^The cats* diet consisted of immature veal boiled for one to two 
hours, to which was added filtered butter fat, sodium chlorid, and calcium 
carbonate. The immature veal was obtained, as already described, from 
calves seven days old or less which were killed on the premises. When 
the meat was trimmed for feeding purposes, the lungs, heart, liver, kid- 
neys, and spleen, together with adherent bits of fat, gristle, etc., were 
included. For the purposes of the analytic work, digestion experiments, 
etc., the muscle tissue alone was wanted; for the feeding the intention 
was to include all parts of the veal that ordinarily are eaten. Thirty- 
four calves were fed to the cats. 

At suitable intervals of from four to seven days about 5 kgm. of veal 
were removed from the containers in cold storage. After being weighed 
the meat was cut into pieces about as large as ordinary sugar cubes, trans- 
ferred to an agate-ware kettle containing about i liter of hot water, and 
boiled for one to two hours. The object was to boil the meat in a small 
amount of water so that it would be convenient for feeding. . 

Because of the low fat content of the veal, filtered butter fat was added 
after the boiled veal had cooled. This was obtained by melting several 
pounds of butter, allowing the water, casein, etc., to settle to the bottom 
of the containers, and pouring the supernatant fat through filter papers. 
The butter fat was kept in bottles in cold storage and used as required. 
According to Osborne and Mepdel (1913, p. 424) butter fat contains no 
nitrogen. Funk and Macallum (1914) found traces of nitrogen in butter 
fat, which for the purposes of the present consideration of the diet may 
be disregarded. 

No analyses were made of the materials fed. In a few instances the 
carefully trimmed muscle tissue used for analyses, etc., was included in 
the veal diet. 

Following were the proportions of the various constituents of the diet : 


Immature veal 1,300 gm. 

Filtered butter fat 45 gm. 

Calciu m carbonate 10 gm , 

Sodium chlorid 10 gm. 


The last two constituents were the ordinary “chemically pure ana- 
lyzed*’ commercial products. The diet contained no roughage. The 
above proportions were calculated from the data of Osborne and Mendel 
(1911, p. 32, 80, 86). Potassium salts and phosphates were omitted, 
because these were thought to be present in the veal in sufficient amounts. 

After the veal had been boiled and the other materials added, the food 
was kept in an ice box close to the animals’ cages. The gelatin present in 
the food caused the entire mass to become solid, so that there was no loss 
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through spilling when portions were transferred from the container to the 
smaller feed pans in the cages. Generally enough food was prepared 
to last from five to seven days. The ice-box compartment in which the 
food was kept was also used for the purpose of storing dead guinea pigs, 
rats, etc., for various biological purposes. Although it was desired to 
feed the animals with clean food, no unusual precautions were taken. 
The cover of the can containing the food was seldom tightly in place, and 
undoubtedly the food was exposed to some extent to bacterial contami- 
nation. The conditions under which the meat was kept in cold storage 
and then boiled were probably better than the conditions in many so- 
called sanitary kitchens. But the conditions under which the boiled 
food was stored in the ice box were certainly such as exist in no well-kept 
kitchen ice box. This was purposely done, in order that the diet actually 
fed should conform, as nearly as possible, to the poorest rather than the 
best ice-box conditions for food. 

Animals and environment. — ^The animals used in the experiments 
were ordinary cats, selected at random and brought to the animal room. 
Some were very young at the beginning of the feeding; others quite old. 
Their weights are given in Table XIII. . After having lived on the imma- 
ture veal diet for about six months cat 2 was crossed by cat i, and in 
due time cat 2 gave birth to a litter of four kittens, given in Table XIII 
and in figure 6 as cats 5, 6, 7, and 8. One of the kittens (cat 7) died 
in a few days; the others were nursed by their mother until they could 
eat the immature veal. It is obvious that since both parents of these 
kittens had lived and grown on the immature- veal diet for 8 and 10 
months, respectively, the birth of thes^j|kittens and their subsequent 
vigorous growth indicated that the diet was entirely satisfactory. There 
were no indications that toxic bodies were present in the diet or that 
any of the amino acids essential to normal growth were absent. 


Table XIII. — Description of cats used in feeding experiments 


No. 


Description 


I White male kitten 


2 

3 

4 

5 

6 

7 

8 

9 


Black female kitten. , 
Yellow male, old . . . . 

Black male, old 

White male ® 

White female <* 

Black female « 

Black male o 

Yellow female kitten 



Weights. 

Period 

Final disposition of ani' 
mal. 

Initial. 

Maxi- 

mal. 

Final. 

of feed- 
ing. 

Gm, 

69s 

Gm. 

4, 080 

Gm 

3, 220 

Days. 

473 

Chloroformed ; au- 

837 

4,040 

2, 620 

408 

topsy performed. 
Do. 

3.60s 

4, 940 

4, 070 

216 

Set free. 

3.350 


3.960 

50 

Returned to owner. 

»ios 


3.080 

175 

Living in a home. 

» no 
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The animals were kept in cages » singly at first; later, after the kittens 
had become quite large, they were kept in pairs. The long confinement 
did not seem to disagree with them. All of the animals were unusually 
fine in their appearance and disposition, except that toward the close of 
the experiment cats i and 2 apparently suffered from the effects of the 
long confinement — in their case considerably over a year. 



FiSEDiNG. — ^Twice every day, at 9 a. m. and 3 p. m., liberal portions of 
the veal food were transferred to the feeding pans and placed in the cages. 
The animals apparently found the food very acceptable in spite of the 
monotony of the diet. No attempt was made to regulate the amount of 
food consumed by any animal; they ate as much as they pleased. All of 
the boiled veal was eaten ; not a single lot of the food was found to be dis- 
tasteful to the animals or in any way noticeably injurious. 
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Weights of the animals. — ^The animals were weighed twice every 
week. The rapid growth of the younger animals and the fattening of the 
older ones are indicated in figures 5 and 6. The reason for the decline in 
weight of cats i, 2, 3, and 4 in the spring and summer of 1914 can not be 
stated with certainty. The fact that cats 5, 6, 8, and 9, all young, 
gained weight rapidly on the same diet that the other cats were receiving 
when they were declining in weight indicated that the loss in weight was 
not due to the diet but rather to a seasonal variation which affected the 
weights of the older animals. Cats i and 2 Miere chloroformed at the end 
of the experiment (September 10, 1914) and autopsies performed by Dr. 



H. J. Washburn, of this division. The animals were found to be in excel- 
lent condition, with liberal deposits of fat in both. Apparently the loss 
in weight in these two animals was due to loss of stored fat. The same 
was probably true of cat 3, which had the appearance of being unusually 
fat at the time of its maximum weight. 

Criteria of dietary sufficiency. — ^The excreta of the animals were 
not collected, nor was any chemical work done directly in connection 
with the feeding experiments. The ability of the animals to utilize the 
immature veal for the building of their tissues and for the reproduction 
and nursing of healthy young animals was regarded as a certain indi> 
cation that the immature veal contained all the amino acids essential to 
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maintenance, growth, and reproduction. It is true that only one litter 
of kittens was bom, but this would have been practically impossible had 
an attempt been made to maintain the parents of these kittens for two- 
thirds of a year on a diet lacking something essential. Cat 2 went 
through the period of gestation and nursing with every outward indica- 
tion of excellent health.^ 


SUMMARY 

(1) During the study of the chemical composition of mature beef and 
of immature veal, no differences between them that are physiologically 
significant were detected. 

(2) In a large number of artificial-digestion experiments immature veal 
digested as fast as mature beef. The speed of digestion was measured 
by three different methods. 

(3) Cats were fed on a diet in which immature veal was the sole source 
of nitrogen. The young animals grew normally on the diet; the older 
ones became fat. A pair of cats, after living two-thirds of a year on the 
diet, produced a litter of healthy young kittens which, after the nursing 
period, continued on the immature-veal diet with excellent growth. 

(4) The work indicates that immature veal, when properly prepared, 
is fit for human food, especially when its deficiencies in fat and possibly 
in small amounts of undetermined constituents are counterbalanced in 
the ordinary mixed diet. 
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FACTORS INVOLVED IN THE GROWTH AND THE 
PYCNIDIUM FORMATION OF PLENODOMUS FUSCO- 
MACULANS.' 

By George Herbert Coons, 

Research Plant Pathologist, Michigan Agricultural Experiment Station 
INTRODUCTION 

The experimentation reported in this paper was begun at the botanical 
laboratory of the University of Michigan in 1913, continued at the Mich- 
igan Agricultural College during the next year, and finally completed in 
1915 at the University laboratory. 

The fungus Plenodomus fusco'tnacidans was obtained from badly 
cankered limbs of the apple {Malus spp.) -which were sent to the Agri- 
cultural College laboratory in March, 1911, from Boyne City, Mich. 
Examination of the cankers at the time of receipt and field studies during 
the same month showed that the trouble was different from any of the 
described apple diseases. The cankers showed constant aSvSociation with 
a pycnidium-forming fungus. This organism was obtained in pure cuP 
ture from a single spore, and the causal relation of the fungus to the 
canker was proved by repeated inoculations and reisolations. A study 
of the organism, both on the host and in pure culture, showed that it 
was a Phoma-like member of the large group Sphaeropsidales, and it 
corresponded to the species described by Saccardo as Apo^phaeria 
fuscomaculans . 

The pycnidia, however, show morphological characters by w^hich it is 
possible to segregate this fungus from the larger, poorly defined genus. 
These characters, which may be found in the material from the host, be- 
come very pronounced in culture. The pycnidia are more or less irregu- 
lar in shape. The fruiting layer is usually folded so that the chamber is 
recessed instead of being smooth and regular. 1 tie pycnidia are beaked. 
The wall is composed of two distinct la3^ers and is complete, even at the 
basal portion. It seems proper to emphasize the morphological charac- 
ter of the wall. Accordingly, the removal of this species from the genus 
Aposphaeria Berk., and the placing of it in the genus Plenodomus Preuss, 

^ Published with the permission of the Director of the Michigan Agricultural Experiment Station. 
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is proposed. The name of the fungus becomes, under this arrangement, 
Plenodomus fuscomaculans (Sacc.), n. comb.^ 

The present paper deals wholly with the physiological phase of my 
investigations, the phytopathological studies being reserved for another 

paper.2 

The problem consisted of the investigation of the relations of the or- 
ganism to the environment and the fitting of the environment to the 
organism — a marked reversal of the common practices in culture making. 

HISTORICAL REVIEW 

The history of the cultivation of micro-organisms is linked with the 
history of bacteriology and mycology. Progress in these sciences has 
been largely due to the clarifying effect of pure-culture methods. These 
originated with the discovery of the method by which media could be 
sterilized. It is a significant fact, and one which can be traced to the 
influence of these early experiments, that the solutions and materials 
used in the first crude cultures were the highly concentrated vegetable 
and animal decoctions and infusions which experience had shown to be 
highly liable to putrefaction. Mycology made great advance when, 
utilizing the newly discovered methods of isolation, the various groups of 
organisms were brought into pure culture by such masters as B ref eld, 
De Bary, Hansen, and Zopf. The earlier methods are in vogue to-day 
in the great bulk of mycological or applied work. In the cultural work 
of these pioneer studies nutrition was the only factor to which consistent 
attention was given. 

The influence of other factors than nutrition was recognized early, but 
the methods of culture were varied but little to fit these conditions. 
Pasteur (i86i)^ showed the difference between acrobiosis and anaero- 
biosis, but this distinction long remained obscured by the problems of 
fermentation. The oxygen relations of fungi have been neglected in the 
ordinary cultural technique, since most fungi tolerate the conditions of 
the plugged flask or test tube. The sharp temperature requirements of 
some animal pathogens focused attention upon this factor very early, 
and accordingly incubators and devices to furnish constant temperature 
were developed. But there has been wide neglect of this factor. That 
bacteria grow best in a medium slightly alkaline to litmus and fungi in a 
medium slightly acid and that this difference can be used to advantage 
in isolation early became dicta of the sciences. The growth of organisms 
takes place within such wide limits in composition of culture media and 

1 A discussion of themorpholoKy of this fungus was prepared for the 1915 Report of the Michigan Academy 
of Science. Delay in publishing this report makes it necessary to give the proposed change in nomencla^ 
ture in this connection, with only a summary of the reasons for making the change. The latter publication 
may be looked to for a more complete accotmt of the morphology of the fungus. 

s The physiological work was suggested by Dr. C. H Kauffman, of the University of Michigan, and has 
been done under his direction. I am also indebted to Dr. K. A. Bessey, of the Michigan Agricultural Col- 
lege, for advice and help throughout the investigation. 

• Bibliographic citations in parentheses refer to “Ditcraturc cited," p. 766-769. 
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under such a range of conditions that accordingly these environmental 
factors have been neglected in culture work. 

The emphasis placed upon nutrition has developed a great body of 
facts regarding media in which organisms will grow and rules for the pre- 
paration of the media. These compositions have the common character- 
istic that for the most part they present highly concentrated food sup- 
plies so complex as to defy analysis. The list includes beef infusion, 
prune juice, wort, Nahr solution, bread (plain or soaked in sugar solu- 
tions), vegetables of all kinds, and the long list of nutrient hydrogels. 
These media have given excellent vegetative growth ; but if the common 
molds are excluded, it may be said that on the majority of media fructi- 
fication is the exception rather than the rule. 

In recent years many kinds of fruits, vegetables, and other biological 
products have been tried, either directly or as a base for a nutrient 
hydrogel. Some of these have produced fructification in forms which 
had previously grown only vcgetatively in culture. Notable examples 
are com meal, or com-meal agar, which in the hands of Shear (Shear and 
Wood, 1913) and others led to an unraveling of the Gloeosporium com- 
plex, and oat agar, which in the hands of Clinton (1911) solved the 
historic Phyiophihora injestans difficulty. 

The complexity of the vast majority of combinations used in con- 
temporary research, however, does not permit the analysis of the con- 
tributing factors which lead to fructification. The net contribution, 
therefore, toward a final analysis, which would furnish a key for unlocking 
closed approaches with other organisms is small, and further advance, so 
far as indicated by such work, must be by the same wasteful method of 
haphazard trial. It is known that organisms will grovr under a vast 
assortment of conditions, but very little is known of the conditions 
which call out any particular phase of development. 

Our knowledge of the physiology of micro-organisms has largely come 
from a study of their behavior under controlled conditions. The very 
analytical nature of the type of research used in the study of metabolism 
has made its methods in sharp contrast with those just described and 
has made possible evaluation of the various factors involved. The pure- 
culture methods’ just discussed and researches on the metabolism of 
micro-organisms have progressed side by side, and only slightly have the 
basic principles of the latter been influential in determining the course of 
the former. The art of cultivating organisms has indeed been developed, 
but this work is almost wholly empiric; although there is a mass of funda- 
mental facts dealing with metabolism and with the reactions of plants 
to their environment, these for the most part are totally ignored in ordi- 
nary culture methods (Beneckc, 1904; Behrens, 1904, p. 436-466). 

Studies of the effects of various factors upon the metabolism of fungi 
naturally were made first with the nutrition of the micro-organisms. 
It was essential that the work be done with synthetic media; and along 
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with the development of the various synthetic culture solutions our 
knowledge of the nutritional requirements of micro-organisms has 
arisen (Pasteur, 1858, Raulin, 1869, Nageli, 1880). 

The gradual extension of the point of view of physiological response 
may be considered a guiding principle in cultivating organisms, and after 
a period of more or less accidental or random application of specific 
environments to influence growth or reproduction, a definite method 
based upon this teaching has been developed. Roux and Linossier 
(1890), with the animal pathogen, Dcmatuim albicans, secured marked 
reactions to specific environmental factors, especially nutrition and 
oxygen. At the same time Winogradsky (1891) began his well-known 
work with the nitrifying organisms which he isolated by his method of 
“elective culture.'' This method, which consists essentially of so estab- 
lishing the environment that only organisms of the desired type are able 
to develop, was carried to great perfection by Beijerinck (1901) with his 
similar “intensification" method. The bacteria and algae with which 
Beijerinck worked required or tolerated different amounts of free oxygen, 
different nutrition, especially mineral salts, and different temperatures. 
Beijerinck used these differences as a means of isolation of various forms 
from a complex substratum (Stockhausen, 1907). 

About the same time Klebs began his work on algae and fungi in pure 
culture. Where others were concerned with growth, Klebs (1896) 
made the pure culture answer unsolved questions of life history. He 
(1913) recognized in the organism definite potentialities — the heredity 
of the organism. The manifestations of these potentialities are seen 
in the reactions to environment and in the limits of the various factors 
tolerated. The particular line of development followed by the organism 
can be traced to conditions outside of the potentiality, either inner 
conditions inaugurated by the environmental complex or outer con- 
ditions which work through their ability to set up certain internal effects. 

I From this line of reasoning it was but a step to the position that the 
development of an organism is the resultant of the environment working 
upon definite internal potentialities of the organism and that with a 
given potentiality the same external conditions call forth the same 
, response with the constancy of a chemical reaction’. This response 
; may be predicted from the type of conditions given, and in this regard 
; Klebs (1900) announced the following propositions, as based upon his 
work : ^ 

1. Growth and reproduction are life processes, which among all organisms depend 
upon different conditions; among the lower organisms, probably external conditions 
determine whether growth or reproduction ensue. 

2. As long as the characteristic outer conditions for the growth of the lower organisms 
are present, reproduction does not set in. The favoring conditions for this process 
are always more or less unfavorable to growth. 


^ Author’s translation. 
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3. Growth and reproduction differ also in that the working limits of the general 
life conditions, temperature, oxygen, etc., are narrower for reproduction than for 
growth. On this account growth can still take place, even if reproduction be limited 
through too weak or too strong influence of some factor. 

4. Growth appears mostly as a preliminary for the initiation of reproduction, and, 
therefore, as an inner condition for it Up to a certain limit, not directly growth, but 
the longer assimilation period is determinative. 

From this point of view all the factors which influence life may be 
considered, and from the basis of the knowledge of their effects* on 
growth, the ultimate effects of these factors upon reproduction may be 
predicted more or less accurately. This Klebs (1900, 1904) has done 
in the summary of his contributions to the physiology of reproduction. 

Since that time research along this line may be divided into two types 
of endeavor: (i) Extending the groups to which the laws may be shown 
to apply and (2) the critical testing of the conclusions with the very 
organisms with which Klebs worked. The former has extended the 
limits so that none of the great groups of fungi or alga? are without 
many examples of the application of the conclusions. The work of the 
second type has opened up new points of view. Klebs in his experi- 
ments used a single strain, and the common experience, in repeating his 
experiments, is failure until the limits and life relations of the particular 
strain at hand are known. Accordingly, Kauffman (1908) has empha- 
sized this point in his work with the same species of Saprolegnia that 
Klebs used; but where Klebs worked with one strain, Kauffman used 
two additional ones; and with this number of forms, each an entity and 
each warying from the other, Kauffman was able to show that within the 
limits of each the conclusions were valid. This work emphasizes a 
point which Klebs has made for his various forms, that each is a specific 
potentiality, but it makes the specific potentialities innumerable in 
their scope. 

The particular organism with which I worked w’as one closely related 
to the large genus Phoma. This group, although containing many 
species, some of great economic importance, had received little attention 
from a physiological point of view'. There have been no attempts to 
test the validity of Klebs’s conclusions for the Sphaeropsidales. 

Ternetz (1907) isolated from the roots of species of Vaccinium and 
Oxycoccus a series of Phoma spp. suspected of being mycorrhiza-pro- 
ducing forms. These organisms were growui in pure culture on synthetic 
media, and their relations to oxygen, nitrogen, and mineral salts were 
determined with great care. They were found to be sensitive to a restric- 
tion of the oxygen supply, especially when growing in a medium poor in 
nitrogen. These organisms wrere showm to have the power of utilizing 
nitrogen from the air. Saida (1902) has claimed the same for Phoma 
hetae, 

Eater, Konig, Kuhlman, and Thienemann (1911) cultured a species of 
Phoma isolated from water, and although they secured pycnidia in a few 
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instances, they were unable to determine the conditions under which 
fruiting bodies developed, but they surmised that probably the lack of 
food supply was the causal relation. 

Other related genera have been studied more or less, and detailed 
accounts of the growth and fruit-body formation of several species of 
Phomopsis on the ordinary laboratory media have been given. (Roberts, 
1913; Harter and Field, 1913; Harter, 1914.) 

Plenodomus destruens has recently been described by Harter (1913), 
who has cultured the organism upon the ordinary laboratory media, and 
has determined its optimum temperature. For the most part the above- 
mentioned articles, written from a phytopathological point of view, have 
used the pure culture as a device for funiishing material for pathogenic 
studies, and the description of the organism in culture is largely for 
diagnostic purposes. 

METHODS OF INVESTIGATION 

As Plenodomus fuscomaculans had shown no form of reproduction 
under the ordinary methods of culture (see p. 724), it seemed to afford an 
excellent opportunity to try the effect of various environmental factors 
as a test of the applicability of the methods of Klcbs to phytopathological 
studies. 

The strain of the organism used was the progeny of a single pycnid- 
iospore, isolated by the dilution method. This strain had been tested 
and was known to be pathogenic to apple. In 1913 another isolation 
was made from a second collection of material, and a second . strain 
obtained and similarly tested. In all later work both strains were used 
in all experiments. Aside from slight differences in vigor of growth, the 
cultures gave the same reactions. 

All experiments were made in duplicate with each strain; hence, the 
experiments reported give results which arc a summary from the record 
of at least two, and, in most cases, of four parallel cultures. 

The glassware used, unless otherwise indicated, was the ordinary 
German glass. All glass culture dishes, when other than tap water was 
to be used, were cleaned by immersion overnight in cleaning fluid, fol- 
lowed by four rinsings of tap water and one rinsing of distilled water. 
When water of a higher purity than ordinary distilled water was to be 
used in the medium, the vessels were given an additional rinsing with the 
purer water. 

The most commonly used culture dishes were small glass preparation 
dishes, or capsules, of about 35 c. c. capacity. These had a loosely 
fitting cover which rested upon a shoulder of the bottom. 

The chemicals used were those of Kahlbaum. Solutions of various 
chemicals were made up as weight-normal solutions (i molecular weight 
in grams in i liter of water); and where chemicals contained water of 
crystallization, this was added in computing the molecular weight. 
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The various nutrient media mentioned were made according to the 
ordinary formulae. Prune-juice agar was made by using 75 gm. of 
prunes with 20 gm. of agar per liter. Pea, corn, and oat broth were made 
by autoclaving two seeds or grains of each in 10 c. c. of distilled water. 

The tap water used in some experiments had a conductivity of approxi- 
mately 400 to 6ooXio~®, while the conductivity water averaged 2X 
io~® at the time of preparation. This water was obtained either by 
distilling ordinary distilled water in a block-tin still or by double distil- 
ling such water in Jena glass. As is generally recognized, ordinary dis- 
tilled water varies greatly in quality, but the conductivity of the distilled 
water used was probably within 4 to 12X10“®. 

The filter paper used was Schleicher and Schull’s, and, unless otherwise 
given, was No. 595. All media were autoclaved at approximately 15 
pounds for 10 to 15 minutes, unless otherwise stated. 

Inoculations, unless specified otherwise, were made with one drop of a 
spore suspension obtained by crushing pycnidia in a water blank. This 
was then filtered through a filter paper into a sterile test tube. The 
filter paper was sterilized in a test tube drawn out to make a funnel. 
This gave a device by which large masses of mycelium and pycnidia 
walls could be strained from the suspension. The spore suspension was 
added to the various cultures by means of a sterile bulb pipette equipped 
with a long, small-bore outlet. 

EARLY EXPERIMENTS WITH ORDINARY LABORATORY METHODS 

The organism brought into pure culture was grown upon ordinary 
laboratory media. This work was done in the spring and fall of 191 1 at 
the IVIichigan Agricultural College, at a table at the rear of a large labora- 
tory lighted from one side. Cultures w^ere made in Petri dishes, flasks, 
and test tubes. Standard agar, prune- juice agar, apple stern and bark 
agar, apple twigs, parsnips, corn meal, potato, carrot, bean pods, beef 
broth, and filter paper, without other nutrients, as well as with various 
nutrient solutions, were the media employed. Cultures were grown 
under a variety of conditions, such as room conditions (test tubes in 
cans or in wire baskets), in the incubator at 25° C., and in the ice box at 
temperatures ranging from 7° to 13°. A few cultures were grown at 
37- 5 On all the media mentioned growth was obtained, with more or 
less difference in color or vigor, but in no case were fruiting bodies of 
any sort produced. In some cases the cultures were allowed to dry out 
gradually; in other cases sterile water was added from time to time. 
Flasks of corn meal, with an abundant water supply, were set away in a 
cupboard for three months in an attempt to secure fruiting bodies in 
the time-honored way. In spite of this variety of trials, the organism 
remained a typical “sterile fungus,*' of which a number have been 
reported in literature. 
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But the organism, when inoculated into the host, gave characteristic 
lesions and typical pycnidia from which the organism could again be 
isolated. These reisolations were repeatedly tested, with results parallel 
to those obtained from the parent culture. Certain fungi — e. g., Boiryo- 
sphaeria ribis and Rhizoctonia spp. — ^are known to fruit exclusively upon 
the host, and evidence seemed to point to this organism as one of that 
type. 

EXPERIMENTS UNDER CONTROLLED CONDITIONS 

In 1913, experiments were begun at the University of Michigan labora- 
tory, In this work an attempt was ‘made to find the effects of varying 
environmental factors, or, in other words, to analyze the formative as 
well as the inhibiting factors involved in growth and reproduction. 

CONDITIONS FOR GROWTH AND REPRODUCTION 
Physical Factors 

LIGHT 

The influence of light upon organisms has been recognized for a long 
time. Fries (1821) and the early authors attributed great morphogenic 
power to light. They found their greatest substantiation of the effect of 
light upon organisms in the excessive growth of mycelium in caves, 
accompanied, as it was, by the suppression of fructification. The litera- 
ture is full of these observations, many of which are quoted by Elfving 
(1890). Scientific experiment with light as a factor influencing growth 
and reproduction of fungi began with the classic studies of Brefeld (1877, 
1881, 1889) on Coprinus spp. Brefeld found in some species a complete 
suppression of fructification when cultures developed in the dark; in 
other species fructification took place, but the growth was puny. In 
some the high temperature of the summer replaced in part the beneficial 
effect of light. In a set of interesting experiments Brefeld showed that 
the exposure of mycelium to light need not be long (two to three hours) in 
order to have fructification begin, and that cultures so exposed developed 
normally, although in the dark. The work of Brefeld substantiated that 
of the older observers. Uakon (1907) has attempted to show that the 
action attributed to light is really due to transpiration differences in the 
cultures of Coprinus spp, 

Downes and Blunt (1878) had previously experimented with the effect 
of light upon bacteria and found that it had a very detrimental effect upon 
these organisms. This they attributed to the action of the ultraviolet 
rays in augmenting oxidation, a property of light long recognized by 
chemists. Their conclusion was later substantiated by Ward (1893), 

Elfving (1890) gave the results of his experiments with light in a mono- 
graph on the subject. Searching the literature, the only important 
experimental work found was that of Brefeld (1877, 1881, 1889) already 
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mentioned. Many had studied the ejffect of light upon germination, but 
the varying intensities of light used, etc., yielded nothing in the way of a 
generalization. 

Elfving (1890) sought to find the influence of light upon metabolism. 
He used cultures of PemcUlium spp. and a related fungus {Briaraea sp.) 
growing in a synthetic solution. He used several sources of carbon and 
nitrogen. Basing his conclusion upon the dry weights obtained in the 
light and in the dark, he decided that light acts upon fungi as an inhibitor 
of organic synthesis. The closer the food material is to protoplasm in 
its make-up, the less the light inhibits. This produces the result which he 
finds analogous to conditions in the higher plants — that light restricts 
vegetative growth. Elfving, in view of the great similarity of fungi in 
their physiological relations, boldly makes his conclusions apply to the 
whole group of fungi. 

Lendner (1896) tested the effect of light upon species of Mucor, 
Botrytis, Amblyosporium, and Sterigmatocystis, finding that light was 
effective only under conditions of unfavorable nutrition. 

Finally, in the experiments of Temetz (1900) with Ascophanus carneus, 
asci were produced only under the influence of light. 

Light is seen to be a factor of widely varying importance .or organisms, 
although the effect on vegetative growth is commonly shown to be pre- 
judicial. For some it is a morphogenic factor of great influence; for 
others it is of no moment. 

Pure cultures of the orgamsm on prune-juice agar and on parsnip had 
been brought from the Agricultural College laboratory. At Ann Arbor 
these cultures began to produce pycnidia in a few days. When analyzed, 
this striking behavior showed that light was probably the factor concerned 
with the fruit-body formation. The following experiments were started 
to test the validity of this inference. While work at the Agricultural 
College had been done some distance from the window (25 to 30 feet), 
the cultures at Ann Arbor were placed a few feet from a south mndow 
in strong diffuse daylight, and at times in direct sunlight. 

Experience had shown that the organism would make a fair growth on 
filter paper. Filter-paper disks, about 5 cm. across, were folded to form 
cones, and these were set up in 10 c. c. of tap water in preparation dishes. 
These were autocl)aved. To some, one drop (1/20 c. c.) of a sterile M/i 
chemical was added, as indicated in Table III. The preparation dishes 
were inoculated with a mycelium suspension, and were placed in tall 
battery jars covered with filter paper. One set of cultures was placed 
in a light-tight cupboard, while the other was left upon the table in 
strong diffuse light. Thermometer readings showed at times of strongest 
light that the illuminated cultures were 2 degrees centigrade warmer than 
those in the dark. Readings were made in nine days. 
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Tablie^ I. — Effect of light: Tests with filter paper {readings in g days) ^ 


Conditions. 

Number of 
pycnidia. 

Growth. 

Filter paper in light 

+ 

++ 

++* 

Filter paper in dark 



1 In tables where a single pins symbol (-f ) is contrasted with the negative sign (— ), presence or absence 
is meant. Where a scries of readings is given and several plus symbols are used with reference to pycnidia 
production, they give the average of two and at times of four readings, as follows: + -» i to lo pycnidia; 
++ •• lo to 25; +++ “ 25 to so; 4 -+ 4- + — too. As applied to growth the same plus symbols mean, re- 
spectively, scant, fair, good, abundant growth. 

* A trine stronger than above. 

The cultures which had been in the dark were exposed to light about an 
hour at a time, when the reading was made. A second observation after 
27 days showed the following result: 


TabIvB II. — Effect of light: Tests with filter paper {readings in 2 y days) 


Conditions. 

Number of 
pycnidia. 

Growth. 

Filter paper in light 

Filter paper in dark (except one hour^s exposure) . . . 

+ 

Sclerotia. 

+ + 

+ + + 


These bodies, called provisionally ‘‘sclerotia,'' when examined under 
the microscope were found to be minute brown bodies about one-tenth 
the size of the ordinary pycnidium and consisted of a firm, solid pseudo- 
parenchyma. 

In no case was any suggestion of chamber formation noticed; nor 
were any spores found. It is noteworthy that the growth after this 
longer period could be seen to be stronger in the dark than in the light. 

As part of the same experiment, a drop of some sterile Mji chemical 
was added as indicated to a number of similar filter-paper cones. The 
results are as follows: 


Tabi.B III. — Effect of light: Pycnidium formation on filter paper plus various chemicals 



9 days. 


27 days. 

40 days. 

Chemical. 







Light. 

Dark. 

Light. 

Dark. 

Light. 

Dark. 

Filter paper -f approxi- 
mately 1/20 c. c. of — 
Calcium nitrate, 


1 





Ca(N 08)3 

+ 


+ 

Sclerotia. 


Sclerotia. 

Potassium acid phos- 
phate, KH2PO4 M/j . . 


1 

+ 


+ 

— 

+ 

+ 

Potassium nitrate, 





KNOs M/j 

+ 


+ 

, 


Sclerotia. 

Calcium acid phos- 
^ate, Ca(H2P04)2 

■ 




+ 


+ 


+ 



HI 
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At the time of maiking the first reading, the cultures were exposed to the 
light for about an hour, and at the second reading they were exposed to 
strong diffused daylight for two hours. 

From a consideration of the experiments reported in these tables, it is 
evident that light is a factor directly concerned with pycnidium produc- 
tion. There is also a strong tendency toward increased growth in the 
dark. 

The experiment has been repeated many times, with a great number of 
duplicate cultures (60 in one instance), and always with similar results. 
The following is a typical experiment. Preparation dishes with water dis- 
tilled out of sulphuric acid and filter paper and with water alone were 
inoculated with spores of each of the two strains of the organism. One set 
was wrapped in a double thickness of paper such as is used in photographic 
film rolls. The dishes exposed to light were set in glass battery jars on 
the window sill. The light was made diffuse by a sheet ot yellow manila 
paper tacked on the window. The dark cultures were set away from the 
window in the interior of the room. The difference in temperature was 
the reverse of the conditions in the preceding experiments, since closeness 
to the cold window more than compensated for the effect of the light. In 
this experiment after a month no pycnidia formed in the dark, while in 
every culture in the light numerous pycnidia were found. 


Tabi,i? IV Effect of light: Test with Hvo strains of the organism 


Strain and conditions. 

pycnidia. 

Growth. 

Iricht. 

Dark. 

Light. 

Dark. 

Strain I: 





Filter paper -f- water 

25 

0 

+ + 

++++ 

Double-distilled water 

2 

0 

-f 

4 - 

Strain 11: 





Filter paper 4 * water. .... 

II 

0 

4 - 

4 - 

Double-distilled water 

0 

0 

4 - 

4 - 


To avoid the criticism that the results observed were due to differences 
in aeration brought about by wrapping the capsules, or by the use of the 
dark closet, and to test- other conditions of food supply, cultures were 
made with com broth, and these were placed in a specially constructed 
light-tight box, which, however, allowed aeration. The box was made 
of two tubes of different diameters (7 and 9 inches), one inside the other. 
These cylinders were each 12 inches tall and toothed at the ends. A 
pair of caps were made for these cylinders. The caps consisted of a 
disk of paper about 10 inches in diameter, and a short cylinder 8 inches 
in diameter was glued to it. The joint was made light-tight with black 
paraflSn. When these tall cylinders were set up with the cylinders of the 
caps fitting between them, light was excluded. The cultures were 
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placed in battery jars. The toothed tops of the cylinders allowed a 
circulation of air. For tests with light, the cultures were ordinarily 
placed in a battery jar and covered with filter paper or cloth to protect 
them from dust. As a further safeguard from error, however, a similar 
container was made, but with celluloid substituted for black paper. 

The result with com broth, after three weeks, is given in Table V. 


Table V. — Effect of light: Test with corn broth in light-tight box 


Conditions. 

Pycnidia. 

Growth. 

Light in battery jar 

Light in celluloid chamber 

Dark in black-paper chamber 

+++ 

+ + 

Fair. 

Fair. 

Strong. 


From this experimentation it is evident that light is a determining 
factor for pycnidium formation in this organism, irrespective of the type 
of nourishment, and that the action of light is distinct from effects which 
might be attributed to faulty aeration in the darkened cultures. The 
slight depression of pycnidia formation in the slightly darkened celluloid 
chamber is significant. Growth is increased in the dark. 

Cultures on com broth, in both light and dark, were subjected to a 
variety of air conditions. Stoppered flasks were fitted with two glass 
tubes, one of which extended to the surface of the culture, the other 
merely through the cork. As indicated in Table VI, some were connected 
with the water pump and filtered air which had bubbled through water 
was gently drawn through. As a check, some flasks were left with no 
additional circulation, while some were plugged with cotton. 


Table VI. — Effect of air circulation: Test with corn broth in stoppered flasks 

[Time, i month 


Conditions. 

Pyaiidia. 

Growth. 

Attached to aspirator: 

Light 

Dark 

Air only through small tubes: 

Light 

Dark : 

++++. 

++ 

++++ 

++ 

++++ 

++ 

+++ 

++ 

+++ 

Flasks plugged with cotton: 

Light 

Dark 


^ The experiment was continued a second month with no change in relative values. 


This experiment eliminates any possibility that the effect attributed 
to light may have come from faulty aeration or deficient transpiration. 
The experiment further has significance from the point of view of aeration. 
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The production of sclerotia, as. recorded in Tables II and III, after a 
short exposure to light, and the production of pycnidia in one case, where 
the exposure was not mpre than two hours, suggested that the exposure 
to light did not need to be of long duration in order to produce its mor- 
phogenic effects. The capsules of a preceding experiment, which had 
shown no pycnidia after three weeks in the dark chamber, were divided 
into series, one of which was exposed to strong diffuse light on the window 
sill for two hours, while the other series was continued in the dark box. 
The exposed cultures were returned to the box, and after a week the 
cultures were examined. 


Tabl® VII . — Effect of light. Continued test with corn broth 


Corn broth. 

j Mature 

1 pycnidia 

Growth. 

Dark 

0 

Aerial growth. 

Dark, light (2 hours), dark. . . . 

• • 3-4 

1 

I 

Aerial growth checked, 
mycelium matted. 


Pycnidium production had not increased upon a second examination a 
week later. 

This experiment teaches that pycnidium formation is not only associ- 
ated with light, but that the effect of light is to inaugurate a type of 
growth which can proceed to completion even in the absence of light. 
But after exposure to light the number of fruiting bodies formed is limited 
and the process does not continue to the production of a large number of 
fruiting bodies. 

To summarize the results of this series of experiments, it may be 
pointed out that light is a decisive factor, wliich determines, in certain 1 
cultures, whether reproduction takes place or not, and that the action 1 
of this factor is irrespective of the richness or the poverty of the sub- 
stratum in nutrients. As a morphogenic factor, its action is to inaugu- 
rate fruit-bod5^ formation, but it is not essential to the process, once 
inaugurated. Associated with its effect in initiating reproduction, we 
have its repressing effect on growth. 

All subsequent cultures made with the organism had good exposure to 
strong diffuse light, unless otherwise expressly stated. 

TEMPERATURE 

It has been said that the influence of temperature was very early 
recognized in its influence on the life processes of fungi. Raulin (1869) 
in his studies of Aspergillus niger grew the organism at the most favor- 
able temperature — 33°. Wiesner (1873) very early formulated the 
behavior of PenicUlium gktucum by a law which took into account that 
the time necessary for fructification did not depend wholly upon the 
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temperature at which a culture was placed, but depended also upon the 
temperature at which the organism had developed, which is, of course, a 
way of saying that the process of fruit-body formation is a process which 
depends upon the previous metabolism, and that conditions which delay 
the latter react similarly upon the former. The literature teems with 
individual facts about the temperature relation (Behrens, 1905, p. 
444-449). The temperature relation, better than any other, shows the 
significance of the cardinal points in relation to life processes. Accord- 
ingly, we have the generalization of Klebs (1900), that the limits per- 
mitting vegetative growth are wider than those permitting fructification, 
,and this law is nowhere more admirably illustrated than in the tempera- 
ture relation. 

My early experiments with temperature are not applicable, because 
light was excluded. Experience had shown that pycnidia were formed 
at the ordinary limits of room temperature. Successful cultures on 
various sorts of media were made in the winter with the average room 
temperature, 20 to 23®, and in the summer with a temperature range 
from 25 to 30°, so long as the light factor was not neglected. 

A series of temperature experiments was made with the synthetic 
solution described upon page 752 in 100 c. c. flasks. These flasks were 
inoculated, and after three weeks’ growth in weak diffuse light were 
subjected to the temperature indicated. 


Tabi.® VIII . — Effect of temperature 


Tempera- 

ture. 

How obtained. 

Number 

of 

pycnidia. 

Increase in 
growth. 

•c. 

6-6H 

Constant temperature icebox with glass doors . . . 

0 

Slight. 

10--T2 

Ivocated at wmdow in cold hallway 

+ 

Fair.i 

20-22 

' Room temperature near window 

+ 

Strong, 

23 

•aa 

Constant temperature incubator, outer door open, glass door closed 

0 

Weak. 

.... do 


Do. 

00 •♦•••••••* 




' Pycnidia began to form after a week. 


The var)dng conditions in this experiment make necessary some inter- 
pretation for the clearing away of the apparent contradictions in the 
results. The absence of pycnidia in the 23° and 33® incubators, which 
is in seeming contradiction to the production of pycnidia in the summer 
time, or even at ordinary room temperature, was doubtless due to the 
fact that either the light was too much reduced or the air was depleted 
of oxygen. That the former influence was not operative seems likely 
from the fact that cultures standing in battery jars upon the incu- 
bator had at another time produced pycnidia. The incubators con- 
tained other cultures at the time of the experiment, and, although the 
door? were opened from time to time, the chamber had the ordinary 
strong odor of old cultures. The constant low-temperature chamber 
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which was designed especially for this work seems free from this criti- 
cism, since cultures placed in it before idng began developed pycnidia. 
This incubator had two openings (i-inch diameter) to the outside and 
a small fan, driven by a motor, which continuously brought about good 
aeration and prevented fogging of the doors. The constancy of tem- 
perature during the first week can be vouched for within the limits set, 
and for the next month no large deviation occurred. 

The lack of apparatus to give constant temperatures, and at the same 
time illumination and aeration, prevented any further experimentation 
along this line. Pycnidia have been obtained in cultures with a tem- 
perature range of from 10° to 30^ C. No pycnidia were obtained at 6° C. 
and no other inhibiting factor than temperature is known to have en- 
tered. The experiments with the constant-temperature incubators are 
disregarded because of the entrance of other factors, but are included 
merely to show the difficulty of experimenting with this factor. 

The wide limits of pycnidium production, so far as temperature is 
concerned, allowed great leeway in experimentation ; but outside these 
limits ten perature may show as marked an effect as light. It is note- 
worthy that growth shows wider temperature limits than reproduction. 

AEJtATION 

The oxygen relation is no doubt the most essential of all life relations, 
and the statement *‘No life without air'* has been shown to be universal, 
the contributions of Beijerinck (1893), as well as those of Fermi and 
Bassu (1904, 1905), showing that even the strictest of known anaerobes 
require minute traces of free oxygen. The relation of oxygen to plants 
was recognized almost from the beginning, but the interpretation of 
respiration by Pfeffer (1889) is fundamental. In this we have respira- 
tion portrayed as the energy-releasing process. Subsequent work has 
dealt with the effect of various external conditions upon the respiratory 
quotient. Necessarily all respiration relations depend upon the quality 
of the nutrition as well as the quantity of nutrients. The general con- 
clusion which has been expressed by Beijerinck (1899), that all plants 
have a definite oxygen optimum and that aerobes are those whose optimum 
is high, while anaerobes are organisms whose air requirement is low, seems 
to summarize most nearly the numerous contributions. 

The limiting effect of scanty aeration upon reproduction has already 
been mentioned. Determination of the potency of this factor in any 
but general ways is difficult, because of other factors involved. 

Observation very early showed that greater pycnidium production 
took place in a capsule or Petri dish than in a plugged test tube, and 
that small test tubes were not so effective for pycnidium production as 
larger ones. Similarly, when capsules were piled one on top of another 
in a battery jar, pycnidia production took place in the top capsules 
first, although in a few days or a week pycnidia were formed in all. 
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If a vigorous culture on suitable media (prune-juice agar or com-meal 
agar) was sealed with sealing wax no pycnidia were produced, even 
though comparison tubes unsealed produced pycnidia in abundance. 
Sealed tubes which had remained without pycnidia for two weeks had 
the sealing wax removed, and the pycnidium formation was slowly 
inaugurated. Com broth in capsules, if covered with a small bell or if 
placed in a battery jar with a tight-fitting ground-glass cover, produced 
scanty mycelial growth but no pycnidia. 

Tests for aerotropism were made with spores in melted agar. Melted 
agar was heavily sown with spores of the organism. Some tubes were 
prepared with a lighter seeding. Small drops of these agars were placed 
on sterile slides and sterile cover glasses pressed down upon them. Other 
preparations were made with the cover glass tilted, as in Beijerinck’s 
(1893) well-known experiments. These slides were put away in a moist 
chamber for 24 hours at ordinary room temperatures. The results of 
these tests were extremely interesting. 

Where the spores were numerous those at the center of the preparation 
showed no evidences of germination other than a slight swelling. Out- 
side the center zone germination became more and more evident. About 
5 mm. from the edge of the cover glass the germ tubes were found to be 
10 to 50 times the length of the sporfe. At the edge of the cover glass 
the germ tubes had extended outward nearly a half of a millimeter. 
Where the spores were fewer in number the germination in the center 
sometimes proceeded to the extension of a short germ tube. There was 
no evidence of a definite tropism toward the border of the cover glass, 
but frequently the same spore would have sent out two germ tubes from 
opposite sides, one growing toward the edge of the glass, the other grow* 
ing inward. Then it was noticed that the sprout growing in the medium 
with the richer oxygen supply was from 4 to 10 times the length of the 
other germ tube. 

Where a clump of spores occurred about halfway from the center to 
the edge of the cover glass, those spores near the edge swelled strongly 
and put out germ tubes, while spores of the same clump, situated nearer 
the center, remained dormant, or at least swelled only slightly. The 
repression of germination in these spores seemed to be related to the 
scanty oxygen supply, and for this there was strong competition, 

A series of flasks of different sizes was prepared with filter-paper cones, 
wet with 5 c. c. of distilled water. These were autoclaved and inocu- 
lated with a spore suspension. Immediately after inoculation the cotton 
plug was pushed slightly down the neck of the flask and the flasks were 
sealed with melted paraffin. The flasks were set in a window in even, 
diffuse illumination. After a month the reading shown in Table IX 
was obtained. 
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Table IX . — Effect of aeration: Test with flasks of different sizes 


Size of flask. 

Number of 
pycnidia. 

Growth. 

C. c.. 


None. 

100 

........ 

None. 

250 



Doubtful. 

500 

0 

Weak. 

1,000 

0 

Fair, mycelium blackish. 


There were no checks in this experiment, but the behavior of this 
organism on filter paper had been so constant as to leave little doubt of 
repression of pycnidia having taken place, owing to the sealing of the 
flasks. ^ 

A similar experiment was performed with a number of nutrient solu- 
tions, some of which were known to allow pycnidium production, and 
others of which were known to yield only strong growth. Ten c. c. of 
each solution were used. This experiment was done in duplicate and was 
carefully checked. Inoculation was made with small masses of mycelium. 
The flasks, after inoculation, were scaled and stood in strong diffuse light 
upon a table. Table X gives the summary of this experiment. 


Table X . — Effect of aeration: Tests with various nutrient solutions 


[Time. I month] 



Size of 
flask. 

Sealed. 

Check. 

Solution. 

Number of 
pycnidia. 

Growtli. 

Number of 
pycmdia. 

1 

j Growth. 


C. c 





Raulin solution ^ 

\ 900 

0 

Heavy mat. .. 

0 

Heavy mat. 

(levulose sub- 

1 500 i 

0 

Heavy mat . 

0 

Heavy' mat. 

stituted for su- 

1 125 1 

0 

Fair 

0 

Heavy mat. 

crose). 

1 50 

0 

Scant 

0 

Heavy' mat. 

Acid Dox 2 solu- 

900 

0 

Scant. . . . 

0 

Fair, white. 

tion with i c. c. 

500 

0 

Scant 

0 

Fair, white. 

of glycerin add- 

125 

0 

Scant 

0 

Fair, white. 

ed to each flask. 

50 

0 

None 

0 

Fair, white. 

Alkaline Dox so- 
lution with I 

900 

0 

Very scant 

0 

Weak. 

c. c. of glycerin 
added to each 
flask. 

500 

I2S 

50 

0 

0 

0 

Very scant 

Very scant 

None 

0 

0 

0 

Weak. 

Weak. 

Weak. 


900 

500 

0 

Fair 

0 

Heavy mat. 

Heavy mat. 

Heavy mat. 

Heavy mat. 

Raulin solution. . . 

0 

Fair 

0 


Fair. 


125 

50 

0 

0 


0 

Fair 

0 


^ Raulin solution: 1,500 parts of water; 70 parts erf cane sugar (35 gm. levulosc); 4 parts of tartaric acid; 
4 parts of ammonium nitrate; 0.6 part of ammonium phosphate; 0.4 part of magnesium carbonate; 0.6 
PAtt <rf potassium carbonate: 0.95 part of ammonium sulphate; 0.07 part of zinc sulphate; 0.07 part of iron 
sulphate; 0.09 part of potassium silicate. 

solution, etc. (Czapek): Distilled water (HtO), 3,000 c. c.; magnesium sulphate (MRSO4), i.s Km.; 
dibasic potasmi^ phmhate (K4HPO4), 3.0 gm,; sodium chlorid (KCu 7 x.5 gm.: ferrous sulphate (FeSO«), 
0.03 gm.; with Potassium add phosphate (KHsPO^), add solution (Thom, 1910). 
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Tabl]$ X . — Ejjeci of aeration: Tests with various nutrient solutions — Continued 


Soluticm. 


Raulin solution 
+ K c. c. Mil 
calcium nitrate 
(Ca(N03)2). 

Raulin solution 
with levulose, 
on filter paper 
cones. 

Acid Dox solu- 
tion 4- I c. c. 
Ml 10 arabinose . 


Acid Dox solu- 
tion -f I gm. 
potato starch. 




Sealed. 


Size of 
flask. 

Number of 
pycnidia. 

Growth. 

Number of 
pycnidia. 

C. c. 
000 

0 

Fair, mat 

10 

500 

0 

Fair, no mat 

10 

125 

0 

Fair 

25+ 

50 

0 

Fair 

25 + 

900 

0 

Filter covered 

0 

500 

0 

Filter covered 

• 0 

125 

0 

Less than above . . . 

0 

50 

0 

As above 

0 

900 

5 

Scanty white. 

25+ 

500 

1-2 

Scanty white... 

25 + 

125 

0 

Scanty white 

50+ 

so 

0 

Scanty white . 

50+ 

900 

? 

Strong 

20+ 

500 

? 

Strong 

20+ 

125 

0 

Fair 

20+ 

50 

0 

Fair 

20 + 


Check. 


Growth. 


Fair, thin mat. 
Fair, thin mat. 
Mat. 

Mat. 

Paper covered. 
Paper covered. 
Paper covered. 
Paper covered. 

Fair, white. 
Fair, white. 
Fair, mat. 

Fair, mat. 

Strong, mat. 
Strong, mat. 
Strong, mat. 
Strong, mat. 


This experiment shows the effect of scanty aeration in repression of 
growth as well as an almost complete suppression of pycnidia in 
the sealed flasks. In the two cases where pycnidium production did 
take place in the sealed flasks, the fructification occurred in the larger 
flasks of the series. It must be said that the check flasks, especially 
the larger sized ones, were almost dry at the close of the experiment 
and the humidity conditions as well as the concentration were different 
from those of the sealed flasks. For the first three weeks, however, the 
cultures were approximately the same, and it seems safe to attribute the 
difference in growth and pycnidium suppression to improper aeration, 
rather than to the drying or concentration, especially since, as will be seen 
from later experiments, these factors play but little part in pycnidium 
production. 

From the many observations recorded here, and from the experiments, 
it seems safe to conclude that this organism is very sensitive to the 
oxygen supply, and it requires good aeration for optimum growth and 
for pycnidium production. 

HUMIDITY (transpiration) 

From a number of indications in cultures, it was felt that transpiration 
might be a factor of more or less importance in the growth and repro- 
duction of this fungus. A study of the literature dealing with reproduc- 
tion, especially the work of Klebs (1898) with Sporodima grandis, made this 
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seem extremely probable. It was seen that cultures on various complex 
media did not produce pycnidia until they began to dry out, as a general 
rule. Moreover, on nutrient solutions the pycnidia commonly form on 
the surface. On vegetables, such as carrot or parsnip, or on prune- 
juice agar, the pycnidia formed in the aerial mycelium. 

Very early this relation was suspected as being operative, and the 
filter paper cone was used in the first experiments to further transpira- 
tion and aeration. When, however, the relation was tested, it was seen 
that the actual formative influence of transpiration had been greatly 
overestimated. Filter-paper cones were compared with similar-sized 
disks of filter paper Entirely submerged. Inoculation was made with 
bits of mycelium, and the cultures stood on the table in strong diffuse 
light. 

Table XI . — Effect of humidity: Test with filter paper 


[Time, t month) 


Coxiditiotis. 

Number of 
pycnidia. 

Growth. 

Cones mostly above water 

Submerged paper 

5-10 

lo-f- 

Fair. 

Scanty. 


It is seen that the pycnidia production goes on after this period as 
strongly, if not better, in the submerged condition, while the growth 
seems slightly stronger on the cone. Since differences of this sort are 
hard to estimate, little importance is attached to the slight differences. 
Nevertheless, we have in this experiment striking evidence that under 
conditions where transpiration is reduced to the zero point pycnidium 
production is nevertheless vigorous. 

In this experiment the possible relation to contact stimuli is not 
avoided. The following observation is even more conclusive, for here 
contact relations are limited to the effect of mutual contact of the threads 
of the mycelium itself, and no further elimination of a hypothetical con- 
tact relation is possible. Several water blanks of ordinary distilled 
water were heavily inoculated with spores and mycelium, respectively. 
After a month the following observation was recorded: 


Table XII . — Effect of humidity: Test with inoculated water 


Form of inoculation. 

Number of 
pycnidia. 

Growth. 

Spores 

4-10 

2-10 

Fair amoimt of white, byssoid mycelium. Total 
submergence. 

Fair amount of white, cottony mycelium. Total 
submergence. 

j 

Mycelium 
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From these experiments there can be little doubt that pycnidia can 
be produced by this fungus without reference to the factor of transpira- 
tion. 

We now come to an experiment in which the time element was recorded 
and in which the influence of a number of different degrees of air humidity 
was tested. 

Four bell jars with a hole in the top were connected with a compressed- 
air reservoir so that a gentle current of air could be sent through the 
apparatus. The air was led into the bell jars by a tube reaching to 
the bottom of the bell jar and taken out by short tubes which extended 
through the stopper but a short distance. To secure moist conditions 
the air was bubbled through distilled water, while dry air was obtained 
by sending the blast through two towers filled with calcium chlorid. 
The first bell jar received moist air constantly, the fourth dry air con- 
stantly, and the second and third were connected by Y tubes to both 
the dry and wet bell jars, so that they could be made to receive either 
wet or dry air independently. Throughout the experiment the condi- 
tions in these two bell jars were alternated. The second bell jar received 
wet air for three days and then dry air for one day, while the condi- 
tions were reversed for the third jar. Preliminary tests with a Lamp- 
recht polymeter in each jar (these were set to agree with a sling 
psychrometer reading) showed that the humidity \vithin the first jar 
ranged from 65 per cent to 70 per cent, and in the fourth the humidity 
was only 20 per cent. In the other bell jars a humidity of 65 per cent 
or a dryness corresponding to 25 per cent could be obtained in a half 
hour by blowing in wet or dry air. The blast was almost continuous 
throughout the experiment except for a period each day between about 
3 a. m. and 8 a. m., at which time the pressure was lacking. The bell 
jars giving wet conditions were fogged at times, but, as the apparatus 
was in strong light and as the fog disappeared except when the bell 
jars were hit by a cold draft, it is very likely that the light intensities 
were sufficient in all cases. For media various substances were used. 
Bits of pear and apple twigs, com meal, slices of carrot and apple, peas, 
rice, and com, as well as com-meal agar and glucose agar, were auto- 
claved. The media were prepared in capsules without the covers and 
were placed in tiers in round wire baskets so that each capsule had free 
access to air. The basket was slipped inside a battery jar and was 
covered with a cotton pad held in place by a glass plate. Five sets of 
this sort were prepared, four to be subsequently placed under the bell 
jars, and the fifth to be used as a check without aeration. The media 
were autoclaved and then inoculated with a drop of spore suspension 
to each dish. The cultures were left one week* under ordinary room 
conditions. At the beginning of the test of the various air conditions the 
bell jars were drenched with solution of mercury bichlorid. The basket 
was lifted under aseptic precautions and set upon a small metal rack. This 
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rack, which had been previously disinfected, rested upon the ground- 
glass base. The bell jar was quickly put in place over the basket and 
sealed air-tight by the use of anhydrous lanolin. Since the air pressure 
at times amounted to several pounds, these bell jars had to be clamped 
to the base plate. This was accomplished by boards drilled at the 
comers, the top one fitted with a 3 -inch hole, through which the top of 
the bell jar projected. Long bolts fitted with thumb screws held the 
boards in place and thus when tightened prevented the jars from leaking. 
The air was filtered through cotton before it reached the cultures. 
Several times during the experiment the cultures subjected to dry air 
were moistened with a few cubic centimeters of water. It was found 
that those cultures were nearly dried out at these times. 

No pycnidia were formed with peas, rice, or glucose agar under any 
of the conditions. Other cultures showed the pycnidia in the same rela- 
tive proportions for the various conditions of aeration. The record for 
com broth may be cited as typical. 


Tabi.E XIII. — Effect of humidity. Test with corn broth under hell jars 

[Time, 30 d.iysj 


Medium. 

Number of pycnidia. 

Growth. 

Unacr- 

ated. 

Wet. 

Mostly i 
wet. 

Mostly 

dry 


Unaer- 

ated 

1 

Wet. 

Mostly 

wet. 

Mostly 

dry. 

Dry. 

Cora broth 

0 

0 

0 

4- 

, 1 

4-4- + i 4+4- 

+ + + + 


+ + + 

+ + 


Pycnidia had been formed for some time before the reading was made. 
The aeration was continued, and a month later another reading was 
made. At this time all the cultures except peas, rice, and glucose agar 
showed pycnidia, irrespective of the air condition, with the exception 
of the series left as a check. This series, left in a battery jar, covered 
with a cotton pad and a glass plate of the same size as the jar, made 
good growth, but in no case did pycnidia occur. 

We have in this experiment results which indicate that at most the 
effect of moist air is to delay pycnidium formation. Whether this effect 
is due to decrease in transpiration or to nutrition conditions, either of 
the substratum or of the aerial mycelium, brought abolit by the excess 
of water in the air or condensed upon the hyphse is not known, but it 
seems likely that the water relation is the most potent one, since with 
such efficient aeration the transpiration must be considerable in all 
cases. The previous experiments indicated that absence of transpira- 
tion was not directly inhibiting to pycnidium formation with cultures 
which were under conditions of scanty nutrition. The last experiment 
reiterates that conclusion, but indicates that the humidity may serve 
to delay fruit-body formation. The effect of moist air in delaying but 
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not suppressing pycnidium formation is always associated with increased 
aerial growth. When it is recalled that with rich media the pycnidia 
are commonly formed in the aerial mycelium, this opposed condition 
may be significant. Further discussion of this behavior is given at 
another place (page 741). 

In conclusion, it may be pointed out that transpiration, or, better, low 
air humidity, is a factor of only secondary or contributing influence in 
fruit-body formation for this fungus, and in no sense is a positive deter- 
mining factor like light or aeration. 

Physicochemical Factors 

REACTION OF THE SUBSTRATUM 

The acid or alkaline reaction of nearly all biological fluids — ^the blood, 
milk, sea water, cell sap — ^varies but slightly from neutral. It is 
commonly said that fungi grow best under slightly alkaline conditions. 
Many organisms show great tolerance to either alkalinity or acidity, but 
the organism here investigated showed a comparatively narrow range, 
and its optimum point was not that of the great group of fungi, but 
much more like the optimum for bacteria. 

The following experiment with filter-paper cones and with Raulin 
solution shows something of the limits of growth and reproduction for 
this organism. The acidity or alkalinity * indicated in the table was 
obtained by the addition of either normal potassium hydroxid or hydro- 
chloric acid (potassium hydroxid in case of the Raulin solution, since it 
was acid at the outset). 


Table XIV . — Effect of acidity and alkalinity: Test with Raulin solution and filter 

paper 

[Time, i month] 


Reaction. 

Raulin solution 

Filter paper* 

Number of 
pycmdia. 

Growth. 

Number 
of pyc- 
nidia. 

Growth. 

— 10 


CoiitamiTiatf»f 1 , . . 



— c 


None 


None. 

0 

+ 

Stronc: 

20 

Scant. 

+ c 

+ 4 - 

Strong 

20 

Scant* 

' D ' ’ * 

-f IC 

0 

Fair 

None* 

-j-aS 

0 

Fair 


None. 






This experiment showed the strict relation of this organism to the 
chemical reaction, both as to growth and as to reproduction, and, as 
usual, the growth limits were wider than the limits of reproduction. 
The experiment also revealed why Raulin’s solution had previously 


I Computed in terms of cubic centimeters of normal hydrochloric add or potassium hydroxid in a liter 
by titratbig 5 c* c* with iV/20 standards, phenolphthalein as indicator. 
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given growth but no fruiting bodies. Once this relation of the organism 
to acid and alkali was known, previous experiments could be reviewed 
in the light of it and the behavior of certain chemicals explained. 

Ten c. c. of a 5 per cent gum-arabic solution was autoclaved in a 
series of preparation dishes. The solution received sterile chemicals to 
give concentration as shown in the table and was inoculated with a 
spore suspension. 


Tabi^B XV . — Effect of acidity and alkalinity: Test with various chemicals 

[Time, i month] 


Chemicals. 

Concentration. 

Reaction. 

Number of 
pycnidia. 

Growth. 

Gum-arabic solution plus — 

Potassium acid phosphate 

Potassium acid phosphate 

Mjzoo 

Ml 200 each. 

+ 

+ 

-f-h 
+ + + 

H — h 
+ + + 

-f Sodium acid phosphate 

Sodium acid phosphate 

Dibasic potassium phosphate. . . . . 

MI200 

Ml 200 

+ 

+ 4 - 

0 

4 - 4 -F 

4 — 1 — h 

Check 

Sodium hydroxid 


dL 

-5 

-f 

0 

4 - 4 - 

4 - 


This experiment, if it be permitted to draw conclusions by compari- 
son of salts with a similar anion or cation, indicated that the specific 
effects in pycnidium formation were not due to any specific ion, for if 
potassium were the influential ion, then we should get no effects with 
the similar sodium salt. More conclusive still was the effect of the 
dipotassium phosphate as contrasted with the dihydrogen salt. Here 
the same ions were concerned, but in different proportions. The ex- 
periment shows the extreme sensitiveness of this organism to alkalinity, 
since a reaction of —5 was sufficient to cause absence of pycnidia. 

A study of the reaction of some of the common media, as given in 
Table XXV, shows how reaction controls not only reproduction, but 
growth as well. Of the complex media tried the most favorable for 
pycnidium production was a couple of corn grains autoclaved in loc. c. 
of water. Aside from the nutrition relation, which will be discussed later, 
the acid reaction is largely responsible for the excellence of this medium; 
but the time when this reaction is most effective is at the period when 
growth has covered the medium, not the mere reaction at the start. 
Corn broth shows at the start an acidity of + 8, and after a month the 
reaction is still acid, -I-5. As is seen from Table XIV, this is a favor- 
able condition for pycnidium production. Pea solution at the begin- 
ning of a period of culture showed an acid reaction of -f8, while oats 
showed at the start a reaction of +5. The latter showed after a month 
a reaction approximately neutral. It will be seen from Table XXV 
that oats were a correspondingly poorer medium than com. Pea broth, 
on the other hand, showed a reversal of condition, and after a month 
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titrated —8. The culture grew vigorously for a week or two, formed a 
mat and some aerial mycelium, then the gradual checking of the growth 
occurred. The culture ceased producing aerial mycelium and the mat 
became half submerged. Soon all growth ceased and the culture grew 
but indifferently or not at all when transplanted. 

If old pea-broth cultures were acidified to approximately +5 with 
potassium acid phosphate, tartaric acid, or hydrochloric add, growth 
started again and pycnidium production took place upon the dense 
mat. 

Other media showed similar changes in either add or alkaline reac- 
tion, and, as a rule, it may be said that media with a proportion of pro- 
tdn lower than the carbohydrate proportion show after a period of 
growth an acid reaction (Wehmer, 1891). With media high in pro- 
tein the reaction becomes alkaline (Nageli, 1880). 

The consideration of the acidity or alkalinity of substrata at the start 
and at the dose of a period of culture leads naturally to a consideration 
of autointoxication. This is espedally appropriate in this case, since 
the autointoxication effects observed were due to harmful reactions 
produced by the by-products of metabolism. These by-products were 
not of the complex type commonly thought of in connection with the 
term autointoxication, but were mostly the simple and well-known end 
products of carbon and nitrogen dissimilation. The injurious effects 
were produced to a large extent by the acidity or alkalinity engendered, 
and the same effects could be artificially produced in a favorable medium 
by mere change of reaction. 

Depending upon the excess of carbohydrate or protein, as has been 
said, the reaction of the substratum became either acid or alkaline. In 
the case of excess of carbohydrate, oxalic acid is formed by this organism, 
and in old cultures of corn, oats, or prune-juice agar crystals of calcium 
oxalate were often found. In the case of protein excess, as was demon- 
strated for old pea-broth cultures, the medium contained an excess of 
ammonia. This ammonia could be detected by boiling the liquid from 
such old cultures and testing the fumes with a strip of wet, red litmus 
paper. 

In a solution where the carbohydrates and protein constituents are 
present in a proper ratio, these by-products of metabolism neutralize 
each other. Com broth is a notable example of this type of medium, for 
in it the by-products, even after two months, are not potent enough to 
interfere with reproduction. 

The action of these autointoxication products in the substratum is 
further illustrated by the common experience met with in transferring 
from old cultures of this organism. In old agar cultures of various sorts 
the mycelium was found dead when it was submerged in the sub- 
stratum, although the aerial mycelium remained alive for more than a 
year. 
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We have, therefore, in autointoxication a phase of the major factor, 
acid or alkaline reaction, and while definite harmful bodies of a protein 
or amid t3rpe are known for organisms and may have been present here, 
we have in the end products of protein and carbohydrate dissimilation 
harmful constituents whose influence may be to limit either growth or 
reproduction. 

Chemical Factors 

QUANTITY OR ROOD 

The quantity, rather than the quality, of the food needed for this 
organism can more conveniently be considered at the outset. As was 
stated at the beginning of the experimental work, there is a certain 
minimum for growth and also for reproduction. Naturally, reactions 
taking place at the base level of nutrition are sharper and less obscured 
than those taking place where food is in abundance and the factors of 
reaction, autointoxication, etc., have greater and greater influence. For 
this reason, once the capacity of this organism to grow and reproduce 
upon material almost devoid of nutrients was recognized, many of the 
experiments with other factors have been performed with the food supply 
reduced to a low^ level. 

This power to grow upon simple stuffs and with them in extremely 
high dilution naturally led to the question of the minimum essential. 
Growth and reproduction in distilled water has already been men- 
tioned. The distilled water used in the first experiments was the ordinary 
distilled water of the laboratory. The glassware used was “resistance,'* 
cleaned as described. The test tubes were plugged with cotton, and a 
few motes of cotton could be seen upon the surface of the water after 
inoculation. Inoculation was made as described with a spore suspension. 
The number of colonies which resulted from inoculation with similar-sized 
drops of this suspension in Raulin solution was from 5 to 20. These 
details show that a very small amount of organic stuff was introduced 
from the inoculum. After three or four wrecks a white or gray filmlike 
mycelium could be seen, either attached to the glass or floating near the 
bottom of the test tube. After a month or, at times, two months 2 to 5 
pycnidia were produced under the water. 

It is difficult to understand where the carbon and nitrogen used by the 
fungus came from. The minerals might be accounted for more or less 
satisfactorily by assuming that they came from the glass, which is 
slightly soluble. For the organic stuffs we have a few possibilities. The 
nitrogen may have come from ammonia in the air, and the carbon from 
the small bits of cotton dropped from the cotton plug.. It is more than 
likely that the distilled water carried some oily volatile material, which, 
while not strongly influencing conductivity, gave a suitable foodstuff 
for the fungus. Or we have the possibility, first pointed out by Elfving 
(1890), that organisms may be fed by small quantities of volatile sub- 
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stances which are absorbed from laboratory air by the water (Beijerinck 
and Van Delden, 1903). Be the source of this food supply what it may, 
I was interested to find if all distilled water, even the purest, had enough 
food supply or absorbed enough to support both growth and reproduction. 

Conductivity water ^ of a value 3.03 times io~® was used as in the 
preceding experiment, with, however, the following improvements in 
the method. Jena glass lest tubes were used throughout. The test 
tubes were plugged with long-fiber absorbent cotton, and the prelimi- 
nary dry sterilization, which has a tendency to make the fibers brittle, 
was omitted. Inoculation was made with one drop of a filtered spore 
suspension which had about 25 to 50 spores to the drop. The pycnidiura 
which furnished these spores was growing in aerial mycelium, so none of 
the old substratum was brought over. At all events, material brought 
with the spores was diluted nearly 200 times. After two months slight 
growth was evident as faint submerged wisps or skeins. The growth 
was less than a tenth as strong as that produced in ordinary distilled 
water. No pycnidia were formed. 

This experiment indicates that in the soluble glass and in the char- 
acter of the distilled water we have the important sources of the food 
supply. The motes of cotton were practically eliminated in the last 
experiment. It might be thought that the nutrition in this case was 
as good as fhe preceding — assuming the food supply to come from 
volatile chemicals — ^and that the poor growth of mycelium and the 
failure to reproduce was due to the toxicity of the conductivity water. 
But the toxicity of ordinary distilled water is generally admitted to be 
greater than the toxidty of conductivity water. Moreover, this organ- 
ism has never shown any effects which might be attributed to toxic 
substances in the water. In the recent experiments on the toxicity of 
distilled water with other plants the nutrition phase has been neglected, 
since the conclusions have been drawn from tests with the well-nourished 
roots of seedlings. In the experiments here reported, the food supply 
carried in the plants is that which is within a few spores barely visible 
with the high power of the microscope. It is difficult therefore to 
attribute the effects to anything but the scantiness of nutrition. 

The conclusion, therefore, is drawn that while growth and reproduc- 
tion can take place with the meager food supply of ordinary distilled water 
in ‘‘resistance’^ glass, the limit of reproduction is reached with conduc- 
tivity water and Jena glass, but the limit of growth is sUll lower. 

This same relation to nutrition was shown with the following experi- 
ment with filter paper. It had been determined in many previous 
experiments that this organism could grow and reproduce upon filter 
paper and distilled water. Tests with tap water, distilled water, and 
conductivity water indicated that the material used for growth and 

j I aw mdebted to Dr. R. p. Hibbard, of the Michigan Agricultural College, for the coaducUvitv water. 
The measurements of resistance were also irinrlg! by tiim 
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reproduction came largely from filter paper. Although filter paper is 
said to be the purest form of cellulose obtainable, Schwalbe (1910-11, 
p. 600) states that appreciable amounts of oxycellulose and hydrate- 
cellulose are present. Since filter paper is known to have some ash, a 
preliminary experiment was performed to find if this ash served, in part 
at least, as a source of food. A pair of culture dishes was prepared 
with a filter-paper cone in each. Ten c. c. of ordinary distilled water 
were added. To each of two other dishes with a sipiilar amount of 
water, the ash from a filter cone was added. These dishes were auto- 
claved. Inoculations were made with spores. After three weeks the 
results shown in Table XVI were obtained. 


TablH XVI . — Effect of quantity of food: Test with filter paper and the ash from filter 

paper 

(Time, 3 wccksl 


Medium. 

Pycnidia. 

Growth. 

10 c. c. distilled water, plus filter cone 

+ 

Good. 

10 c. c. distilled water, plus ash ... 


Scanty. 


The better growth and the pycnidial production on the filter paper, 
as opposed to the results with ash, indicate that the influential stuffs are 
not those from the ash. It may be remarked that the readings were 
taken early enough to avoid complications due to the slow pycnidium 
formation in distilled water. The effect of ash having been shown to be 
negligible, the main experiment was set up. Five sheets of filter paper 
(S. & S. 595) about 1 5 cm. across were autoclaved in 500 c. c. of conduc- 
tivity water in a Jena flask. This furnished a stock solution, which was 
diluted with conductivity water by means of pipettes and graduates, 
which were carefully rinsed before and during the operations. The di- 
lutions were prepared in Jena beakers, but were eventually put in 10 
c. c. quantities in a number of Jena test tubes. These were autoclaved 
and inoculated with a spore suspension. This experiment was done in 
duplicate with each of the strains of the fungus, with the results shown 
in Table XVII. 

Table XVII . — Effect of quantity of food: Test with filter-paper broth 


[Tixne, a xnonUis] 


Medium. 

1 

Pycuidia. 

Growth. 

Filter-paper broth : 

i/i 

+ (3) 

+ (i) 

Fair, easily seen. 

Fair, easily seen. 

Scant, barely visible. 
Scant, barely visible. 
Scant, barely visible. 

i/ioo 

x/x,ooo 

1/10,000 

Conductivity-water check 
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The experiment shows that the ordinary high-grade filter paper, when 
autoclaved with water of high purity, yields sufficient nutriment for 
growth and reproduction of this organism. A dilution of i/ioo is still 
sufficient for pycnidium production, but at i/i,ooo we have reached the 
limit of food supply sufficient for pycnidium production. Growth, as 
usual, takes place at greater limits than reproduction. 

This experiment gives conclusive evidence that the toxic substances of 
distilled water do not affect this organism. We may now conclude that 
we have been working nearer and nearer the limits of growth and repro- 
duction. The amount of material required is evidently extremely mi- 
nute. It is in the imponderable mass of stuff, somewhere between dis- 
tilled water and conductivity water, or in that bulk of stuff lying between 
i/i,ooo and i/io,ooo dilution of a filter-paper broth. 

Having now some conception of the extremely low limits of concentra- 
tion at which growth may take place, we may now consider the growth 
and reproduction relations at higher concentrations. 

The experiments already reported give a mass of details as to growth, 
at various concentrations, but no conclusions from these isolated cases 
are justified, because the reaction is so masked by other relations. 

The following experiments allow a comparison of some nutrient solu- 
tions at various concentrations. The solutions chosen were those which 
did not become toxic with the continued growth of the organism. In one 
experiment 200 grains of com were autoclaved in i liter of tap water. 
This solution was concentrated to approximately 100 c. c. by boiling in 
a beaker. It was, therefore, approximately 10 times the strength of 
ordinary corn broth. The strong solution was also diluted as shown in 
the table. Cultures were made as usual and were inoculated with a 
spore suspension. The results are shown in Table XVIII. 


Tabi.E XVIII . — Effect of quanitiy of food. Test with corn solution 

[Time, I month] 


Concentration. 

Pyentdia 

Growth. 

Remarks. 

loX 




White. 

sx 

— 


White. 

iX 

+ + 

-f+ 

Blackened. 

i/ioX 

1 

■f 

•f 

Blackened. 


In this experiment it is seen that the organism, after a month, pro- 
duced fruiting bodies only in the lower concentrations, but the growth 
was strong in the higher concentrations. The growth in the weaker con- 
cxmtrations had increased but slightly after the first two weeks. We may 
conclude then that a food supply which allows a fmr growth and then 
becomes exhausted is most favorable for pycnidium formation. 

The following experiment with synthetic media was performed. The 
combination described upon page 752 was made up at 25 times the 
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concentration. This was diluted as shown in Table XIX, and cultures 
were made as in the preceding experiment. 

Tabi«K XIX . — Effect of quantity of food. Test with synthetic solution 
[After I month] 


Dilution. 

pycnidia. 

Growth. 

Remarks. 

25X . . . 

— 

0 


loX . 

— 

0 


5 X.. . 

0 

++++ 

White or pinkish. 

2X 

0 

+ 

Black mat formed. 

iX 

Many. 

H — h-f- 

Slightly less growth than above, black mat. 

1/2X 

Many immature. 

+ -}- 

Slightly less growiJi than in 2X. Abun- 
dant evidence of pycnidia starting. 

i/sX .. . 

10 

4 - 

Growth weak. 

i/ioX . . . 

5 

+ 

Pycnidia extremely minute. Mycelium 
scanty. 


The experience with this solution shows that doubling the concentra- 
tion of a favorable culture solution increased growth, and was sufficient 
to inhibit completely pycnidium formation. A solution diluted one- 
half gave promise of many pycnidia — more than in the i X concentra- 
tion — but the pycnidia were slow in fonning. In the extremely low 
concentration growth was scant and a small amount of pycnidium pro- 
duction took place. The experiment leads to the same conclusions as 
the preceding experiment — i. e., that a limited food supply is essential to 
fruit-body formation, and the optimum concentration is one which gives 
a comparatively large mycelial growth before the exhaustion takes place. 

The teaching of this experiment would place the limit of concentration 
of a sugar at M/joo. We have, however, a great body of experiments 
already outlined in which pycnidium production took place with a sugar 
concentration considerably higher. For instance, in Table X pycnidia 
are reported for Raulin's solution (cane sugar M /y) when a calcium salt 
was added. Or, considering the experiments with com grains, these seem 
to present a contradiction when it is noted that the pycnidia were first 
formed on the com grain with its rich food supply. Similarly, the various 
laboratory media — such as prune-juice agar, parsnips, and carrots — all 
are rich in carbohydrates; yet these are reported as allowing pycnidium 
production. 

In these rich solutions, however, an extremely abundant aerial myce- 
lium is produced, and as the medium begins to dry the pycnidia are pro- 
duced in the aerial strands, but never upon the medium itself. In a few 
cases a dense mat formed over the agar, and this effectively walled off 
the new food supply. On only one laboratory medium — cora-meal agar 
(Shear and Wood, 1913) — ^were the pycnidia produced directly upon the 
agar. It is noteworthy that with this medium the mycelium production 
is scant. In the case of com grains the pycnidium production does not 
take place until the corn grain is dried somewhat, and this, coupled with 
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the fact that the com grain is not extremely soluble, accounts very well for 
the appearance here. Instead of the com grain furnishing nutrition, the 
com grain soon becomes the location where food supply is soonest ex- 
hausted. In this behavior upon drying, we may also find the explana- 
tion of the behavior of the wet and dry bell jars reported in Table XIII. 
The behavior of the i X and X concentrations of the synthetic medium 
may be considered in this connection. It seems that in this case we 
have a similar factor to deal with. The mycelium in these concentra- 
tions grows at the top of the solutions, a trifle submerged in the case of 
the weaker solution. The stronger mycelial growth in the higher con- 
centration leads to the formation of a thicker surface film in it than in 
this weaker one, and the film starts much sooner. The pycnidia are pro- 
duced upon this surface film, which, no doubt, in some ways interferes 
with the utilization of the food supply. 

From this it would seem that the limiting concentration suggested — 
Mfioo for sugar — ^instead of being too low is doubtless too high, and the 
production of pycnidia at this concentration, at the period stated, is 
brought about by the other factors, which lead to an even greater reduc- 
tion of the available concentration. 

When we consider the action of this aerial life of the mycelium in fos- 
tering reproduction, we find that our knowledge of the transfer of mate- 
rials in mycelium is extremely limited. It, however, seems very likely 
that with the increase in concentration in the medium below and the 
drying of the threads, the diffusion of foodstuffs to the aerial parts is 
interfered with. 

quality op food 

Minerals. — ^The work with the quantityof foodstuffs just outlined indi- 
cates the extreme difficulty of determining what minerals are essential for 
growth. This sensitiveness to extremely small amounts, which doubtless 
is paralleled by other organisms, makes experimentation with ordinary 
methods or ordinary chemicals unreliable. The problem of determining 
the necessary mineral elements for this fungus would be impossible with 
our present technic. 

An attempt was made to find the effect of certain chemicals when they 
were added to various nutrient solutions. Although many experiments 
were performed, the results were so masked or influenced by the constit- 
uents of the medium that no conclusions could be drawn. Notable in- 
fluences which have been explained as other than nutrition effects have 
been obtained with acid phosphates and with calcium compounds. 

The behavior of one chemical, magnesium sulphate (MgS04), is worthy 
of record. Since Molisch’s accurate work (1894), this substance has 
generally been regarded as essential in fungous cultures. The following 
experiment suggests that the chemical may have a profound effect upon 
fructification. Two preparation dishes each received 10 c. c. of a solution 
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containing magnesium sulphate in M/jj concentration. Conductivity 
water was used. Inoculation was made with a drop of spore suspension. 
After one month many (more than 50) pycnidia were found in the loose 
submerged mycelium. 

As a mineral base for nutrient solutions, monobasic potassium phos- 
phate and magnesium sulphate, along with other chemicals, were fre- 
quently employed. The net result of numerous cultures made in the 
attempt to find some hint of the value of this or that mineral was the 
conclusion that cultures with these two constituents alone, with a suitable 
nitrogen and carbon supply, gave as good results as more complex combi- 
nations. 

This solution of mineral salts contains the bulk of the elements generally 
considered essential for fungus growth. Carbon and nitrogen need to 
be added to secure the complete nutrient, but iron can be neglected, 
since it is such an unavoidable impurity in chemicals and is usually 
present as a constituent of the glassware. Beijerinck (Samkow, 1903) 
had used a similar solution as a culture medium for bacteria.^ 

Because of the extremely small amounts of minerals found necessary 
for growth and reproduction in this form, I modified the formula by 
cutting down the concentration of the various components. Since the 
solutions were to be used in comparative work, the chemicals were added 
on a molecular-weight basis. At the time of the first experimentation it 
was thought that the reaction should be approximately neutral, and 
accordingly molecularly equivalent weights of potassium acid phosphate 
and sodium carbonate were employed. Similarly, through dependence 
upon relations of other plants, it was thought that magnesium sulphate 
might be slightly toxic, and it was used at a lower concentration than 
either of the other two minerals. The solution thus devised for prelimi- 
nary experiments contained sodium carbonate and potassium acid 
phosphate as Mjioo and magnesium sulphate as Mj^oo. Subsequent 
experiment showed that the carbonate could well be omitted and the 
magnesium sulphate increased from fivefold to tenfold. 

The other combinations were used for comparison ^\’ith this mineral 
base. The mineral constituents of Raulin solution and those of Dox 
solution were tried, and while either were suitable, neither had any 
advantage over this modified Beijerinck solution; on the contrary, they 
were much more complex and contained the mineral elements in excess 
of the needs of this fungus. 

Carbon supply. — ^The carbohydrates form the common source of 
carbon for fungi. Other classes of compounds, as pointed out by Nageli 
(1S80) and Wehmer (1891), may be utilized. For this organism, as 
indicated in Table XXIII, other classes of compounds — but of alcoholic 

^ Samkow used the following base with a great variety of organic compounds: Pota.ssium acid phos- 
phate, a gm.; sodium carbonate, a.s gm.; magnesium sulphate. 0.4 gm.; water, x liter. 
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structure — ^may be utilized as a carbon source (malic acid and glycerol) . 
As is well known, various plants possess widely varying amounts of 
sugars, and the sugars and other carbohydrates differ markedly in kind. 
The specific effects of certain vegetable media have been attributed 
by many to the specific action of the type of carbohydrate furnished. 
Roux and Linossier (1890), as a result of their work with the fungus 
Dematium albicans Laurent, announced as a general biological law that 
with an increase in the molecular weight of the carbohydrates the 
complexity of the growth form of the fungus increased. With certain 
sugars, such as glucose in a i per cent solution, these investigators 
obtained only yeastlike growth, but with a biose, such as maltose, 
they obtained strong mycelium and conidia production. Recently 
Hiekel (1906), repeating the work of Roux and Linossier, but with 10 
per cent sugar solutions, accepted the conclusions of the French investi- 
gators within certain limits. A priori, it is very difficult to see why two 
sugars, such as glucose and maltose, should differ in specific effects, 
since the latter, when hydrolized, yields only the former. 

Very early in the investigation tests were made with the common sugars 
to find whether there was a specific effect on fruit-body formation due 
to the various sugars. In these tests the sugars used were used as 
weight-normal solutions; hence, the effects secured were not obscured by 
concentration differences. The various sugars were added from a sterile 
stock M/i solution to 10 c. c. of the autoclaved nutrient solutions, as 
indicated in the table. Glass preparation dishes were used, and all were 
placed in strong diffuse light. Inoculations were made with spore sus- 
pension in the usual manner. The tests were done in duplicate. Table 
XX shows the average of conditions. 


Tabl]^ XX . — Effect of quality of food: Test with sugars 


Sugar. 

Pea broth. 

Oat broth. 

Tap water and filter. 

Sugar 

coucen- 

tration. 

Pycni- 

dia. 

Growth. 

Sugar 

concen- 

tration. 

Pycni- 

dia. 

Growth 

Sugar 

concen- 

tration. 

Pycni- 

dia. 

Growth 

Saccharose .... 

Do 

Do 

Dextrose 

M/io 

M/20 

M/50 

M/io 

M/20 

M/50 

M/io 

M/20 

M/50 

M/io 

M/20 

M/50 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ + *f 
-f4-h+ 
+++ 

M/io 

M/20 

M/50 

M/io 

M/20 

M/so 

0 

0 

0 

0 

0 

0 

+++ 
"I — 1 — H 
+++ 
+++ 
4"++ 
+++ 







M/so 

0 


Do 

Do 

Levulose 

++++ 

+++ 

+++ 

++++ 

+++ 

H — 1 — 1 — t" 
++++ 
+++ 
++ 




M/so 

0 

+ 4* 

Do 







Do 




M/so 

•f 

(lor 2) 

+ 

Maltose 




Do 







Do 




M/so 

! 0 

++ 

+ 

Check 


1 + 

4-h 


I 
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It will be noticed that in nearly every case, even in low concentration 
of sugar, there was an increased growth following the addition of sugar. 
Filter paper and oat broth, which normally produce pycnidia, gave strong 
growth with saccharose, dextrose, and maltose, but no pycnidia. In 
the case of levulose M/50, the growth was not greatly increased, and one 
or two pycnidia appeared. This number is much less than the normal 
for filter paper alone. We may conclude that these sugars exert a repress- 
ing influence on pycnidium production, and at the same time augment 
vegetative growth. How this is brought about is difficult to explain; 
but in some way the ratio of the constituents was so altered that the 
limits for reproduction of some factor — e. g., reaction — or of some group 
of factors was exceeded. 

A more comprehensive experiment was performed in which a large 
number of carbohydrates was tested. Equal parts of the minerals of 
Raulin*s solution in 2 X concentration were added to various Mjio sugar 
solutions and to 2 per cent solutions of the polyoses whose molecular 
weight is not known. Each combination was set up in four capsules, 
using 10 c. c. per dish. The media weril steamed on three successive 
days and inoculated with a drop of spore suspension for each dish. 
Table XXI gives the result of this experiment. 

Tabi^iS XXI . — Effect of quality of food: Test with carbohydrates 
(Time, a menths} 


Growth 


Carbohydrate. 


Concentration. 


Size of 
colonics. 


Character. 


A/m. 


Xylose (pentose) 

Maltose (disaccharose) 

Glucose (monosaccharose) . 
Mannose (monosaccharosc) 
Galactose (monosaccharose) 
Levulose (monosaccharose ) . 

Arabinose (pentose) 

Sorbose f monosaccharose) . .1 

Sucrose (disaccharose) 

Raffinose (polysaccharose L 
Lichenin (polysaccharose).. 


Mjjo. . . 
MI20., 

Mj 20 . . . 
MI20.... 
Ml 20., .. 

MI20 

Ml 20.. . 

Ml 20 

MI20 ‘. 

MI20 

I per cent 


3-4 

3 

2 

2 

2 


1-2 

1-2 



2-3 


Dextrin (polysaccharose). . . 


per cent, . 


Inulin (poljrsaccharose) .... 
Gum arable (polysaccharose) 
Gum tragacanth (polysac- 
charose L 

Wlieat starch (polysacchar- 
ose). 

Lactose (disaccharose) 

Erythrose (tetrose) 


I per cent. 
I per cent. 
I per cent. 

I per cent. 

Ml 20 

MI20 


Ct^mpact 

Compact 

Compact 

Compact 

Compact 

Compact 

Compact 

Floccose 

Compact 

Floccose, very loose , 
Loose mat, cover- 
ing dish. 

Diffuse mat, cover- 
ing dish. 

do 

do 

I do 

No growth 

No growth 

No growth 


Form of 
frucufication. 


Oidia. 

Oidia. 

Oidia. 

Oidia. 

Oidia. 

Oidia. 

Oidia. 

Pycnidia. 

Oidia. 

Mycelium. 

Secondary 

spores. 

Pycnidia. 

Pycnidia. 

Pycnidia. 

Pycnidia. 


17210®— 16 
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In the above table the sugars and other carbohydrates are arranged on 
the basis of vigor of vegetative growth. In the main the results of the 
former experiment are substantiated. The strongest growth took place 
with the highly soluble sugars, and the dishes were filled with small ball-like 
masses. The strongest growth was not associated with pycnidia produc- 
tion, but on the contrary was opposed to it. At first glance the law of 
Roux and Linossier (1890) seems operative, for pycnidia appeared in 
the carbohydrates, which are known to have extremely high molecular 
weights. But this superficial agreement is abundantly contradicted by 
the first part of the list. Without regard to molecular weight, these 
sugars gave approximately the same growth form, and the variation in 
amount of growth was not striking. It will be noted that these sugars 
are highly soluble, while those toward the bottom of the list are almost 
insoluble. In the one case every bit of the foodstuff was available, while 
in the other only a slight amount of the carbohydrate was open to appro- 
priation. The preceding experiment with filter paper and sugars proved 
that, where the scant available carbohydrate of filter paper allowed 
pycnidia production, the addition of sugars destroyed the balance 
between growth and reproduction, and only growth took place. The 
same general relations exist between the members in this table as existed 
in the former experiment. It is worthy of note that Roux and Linossier 
(1890) and later Hiekel (1906) drew their conclusions from carbohydrates 
such as the first seven. We can find in their method of work the source 
of their error. Their solutions were made up on a percentage basis, and 
where they drew a conclusion that a complex sugar like maltose in i per 
cent solution gave a more complex growth than a i per cent glucose 
solution, because of the difference in molecular weight, they were in 
reality comparing M/j6 and MjiS solutions, and their conclusion really 
applies to concentration. They had previously shown that a low con- 
centration would call out more complex growth forms. 

The cause of the variation in growth among the various sugars is not 
known. A great many factors undoubtedly enter. Nearly all the sugars 
used were split in approximately the same way by the various specific 
enzyms of the organism. Differences in absorption rates, in rapidity 
of enzymotic action, etc., may enter and be responsible for the differences 
in growth here recorded. It may further be remarked that although the 
sugars used were of the highest purity they vary in their relative freedom 
from contamination, owing to difiiculties in separation and purification. 
The colloidal carbohydrates undoubtedly carry a mass of adsorbed 
material, while in the others, traces of calcium, nitrogenous material, 
etc., may be present. It is not unusual to find a minute gummy scum 
on freshly prepared maltose solution. 

Certain other interesting points are to be found in the table. The 
production of the growrth form called “oidia'* — ^multiseptate, heavy- 
walled hyphae resembling Dematium or at times Monilia — ^were constantly 
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found in the highly soluble sugars. Such growth forms have commonly 
been recognized as a reaction to high osmotic pressure. Temetz (1900) 
has obtained these in acid solutions. But such growth forms have oc- 
curred with this fungus in distilled water and on filter paper, and no 
doubt this growth form, instead of being a specific reaction to concen- 
tration, is one induced by a number of unfavorable conditions. 

The action of sorbose has been disregarded, because this sugar is broken 
down by heat. The failure to obtain growth with lactose and erythrose 
is not without parallel in the literature. The action of wheat starch is 
peculiar, in view of the previous successful use of potato starch (Table X). 

The action of lichenin is of great interest. This carbohydrate is a 
dextrin-like compound, almost insoluble in cold water and forming a 
gummy mass in hot water. In the turbid solution of this chemical the 
fungus produced a great number of secondary spores, evidently hypho- 
mycetous. These spores were of approximately the same size and 
shape as the ordinary spores of this fungus. The exact method of their 
production was not determined. Mounts of material gave only straight 
mycelial threads and great numbers of detached spores. Dilution plates 
poured from the culture dishes teeming with these spores gave no other 
organism than the one under investigation. The colonies appeared in 
the plates in such abundance as to leave no doubt concerning the relation 
of these colonies to the secondary spores. 

The experiments with carbohydrates may now be summarized. 
Nearly all carbohydrates tried served as a source for carbon. The general 
effect of adding sugars even in so low a concentration as M/50 was to 
stimulate vegetative growth greatly, but this stimulated growth was 
accompanied by a pronounced repression of pycnidium formation. In an 
experiment with M/20 solutions a strong mycelial growth was obtained, 
accompanied by oidia-like bodies, but fructification was absent. With 
slightly soluble carbohydrates, in which the actual amount of available 
soluble material was always limited, vegetative growth was weaker and 
pycnidium production was a general rule. A comparison of these highly 
soluble and slightly soluble carbohydrates indicates that the differences 
in growth form are connected with the amount of food supply rather 
than with the specific nature of the sugar. This position is reinforced 
when we consider that the hydrolysis of inulin, gum arabic, etc., yields 
exactly those sugars which, when tested in M/20 concentration, gave no 
pycnidia. In view of this comparison the earlier conclusion of Roux and 
Linossier (1890) seems untenable, and a more plausible explanation of 
the differences of growth form obtained seems to be found in the con- 
centration relations. 

This matter of carbohydrate supply has obviously a marked influence 
upon the problem of the organic media for laboratory use. 
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Nitrogen suppey. — ^That the organism was influenced by the kind 
and amount of the nitrogen supplied seemed evident from the results of 
experiments with standard media, such as beef broth and beef agar, as 
well as the results already reported for pea broth, 

A number of preliminary experiments of the same type as those re- 
ported under carbohydrates were performed at the same time, and these 
indicated that the various nitrates influenced pycnidium formation. But 
these results were not altogether consistent. The following experiment 
(see Table XXII) with filter paper and tap water plus various chemi- 
cals, and the similar series in which distilled water was used, may be 
cited as typical. 


Tabi,]® XXII . — Effect of quality of food: Test with various nitrates 
[Time, I month] 


Chemical. 

Present as — 

Distilled water. 

1 

Tap water. 

Pycnidia. 

Growth. 

Pycnidia. 

Growth. 

Calcium nitrate 

MflOO 

20-30 


20-50 

+++ 

Potassium nitrate 

M/lOO 

50-100 

+ + + 

50-100 

+++ 

Calcium acid phosphate (Ca(H2- 

M( 20 o, MIioo 

SO-SO 

+ + + 

100+ 

++ 

1^04)3) + calcium nitrate. 






Potassium acid phosphate + 

Mjioo each 


+ 4 - 4 ' 

100+ 

+ 

potassium nitrate. 






Filter paper 

Check 

9-20 

+ 

7-12 

+ 


From this experiment it could not be determined beyond question 
that the nitrate ion was the potent factor in this increase in pycnidia 
formation, but the corresponding beha\ior of both the calcium and the 
potassium nitrate indicated that this was extremely likely. The increase 
in pycnidium production upon the addition of both a phosphate and a 
nitrate to this carbohydrate medium is significant. 

Since the nature of the carbon assimilation might greatly influence the 
nitrogen assimilation, experiments with these two compounds can 
hardly be separated. In the following experiment an attempt was made 
to test various classes of carbon-furnishing compounds with various 
nitrogen sources. In this experiment the mineral solution mentioned in 
the preceding section was used. The stock solution contained monobasic 
potassium phosphate as M/joo, sodium carbonate as M/ioo, and magne- 
sium sulphate as M/500. To different portions of this, malic acid, glycerol, 
and maltose were added, respectively, so that each chemical was present 
at Mjioo concentration. A fourth series was prepared as a check, and 
in this cones of filter paper furnished the carbon supply (S. & S, 605). 
The various solutions were put into series of preparation dishes, 5 c. c. per 
dish. To these dishes the nitrogen compounds to be tested were added 
from a clean pipette i drop (1/20 c. c.) of the proper solution (stock 
solutions were made up M/50, except peptone, which was 2 per cent) to 
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each dish. The various combinations employed, and the dilutions pres- 
ent in the culture, are indicated in Table XXIII. In every instance the 
concentration given shows the amount of the chemical that was present 
in the culture. The experiment was done in quadruplicate. 

Table XXIII . — Effect of qtiality of food: Test with nitrogen and carbon compounds 


Stock solution of minerals plus— 


Carbon. 


Nitrogen 


Number of 
pycnidia. 


Growth. 


Malic acid, M/ioo. 
Glycerol, Mjioo, . 

Maltose, Mjioo 

Filter paper 


Peptone, 0.02 per cent. 


100 

60 

o 


Scant. 

Strong. 

Strong. 

No growth. 


Malic acid, Mjioo, 
Glycerol, Mjioo. . . 

Maltose, Mjioo 

Filter paper 


Asparagin, Mjioo. 


5 


loo-f- 


None. 

Scant. 

Strong. 

None. 


Malic acid, Mjioo 

Glycerol, Mjioo 

Maltose, Mjioo 

Filter paper 


Leucin, Mj6oo 


5 Scant, 

o Scant. 

25-50 Strong. 

None. 


Malic acid, Mjioo , 
Glycerol, Mjioo. . . 

Maltose, Mjioo 

Filter paper 


jpotassium nitrate, Mj§oo 


2-7 

50 

o 


None. 

None. 

Fair. 

Scant. 


Malic acid, Mjioo . . . 

Glycerol, Mjioo 

Maltose, Mjioo 

Filter paper 


10-20 

o 

o 

10-15 


Fair. 

Scant. 

Fair. 

Fair. 


Peptone 

Asparagin, Mj^oo 

Leucin, Mj6oo 

Potassium nitrate , M /500 . . 


1-5 

o 

o 

o 


Scant. 

Scant. 

Scant. 

Scant. 


This experiment shows that nitrogen, as previously shown for carbon, 
may be taken from widely different classes of compounds. The avail- 
ability of any particular nitrogen compound is largely determined by 
the associated carbon compound. For instance, peptone, which carries 
available carbon, gave a large number of pycnidia with malic acid, but 
none with maltose. Asparagin, which gives the best growth and the 
greatest number erf pycnidia with maltose, gave, no pycnidia with malic 
acid. Glycerol, which seems on the whole to be a poor carbon source, 
gave with peptone strong pycnidium production, but with other nitrogen 
compounds Shaved indifferently. As a further complication, peptone 
is able to serve both as nitrogen and as carbon source. Leucin gave 
poor growth with all carbon compounds except maltose, and a compari- 
son of its behavior with that of asparagin, which is a compound of the 
same class, is interesting. 





750 


Journal of Agricultural Research 


Vol. V, Na x6 


The experiment shows in a striking way how unlimited the possible 
combinations of nutrients may be. The marvelous thing is the absolute 
regularity of the product, regardless of this or that varied food supply. 
Growth that morphologically could not be distinguished arose from a 
protein or a mineral nitrate. Pycnidia were produced from these widely 
divergent compounds, with carbon compounds equally separated, and 
in these were billions of spores which did not diiGTer in a manner per- 
mitting measurement, each a potentiality which could repeat indefinitely 
under these conditions the same reaction. 

From this experiment we may pick a combination which is favorable 
for growth, but which also gives an abundance of pycnidia. For fur- 
ther experiments the combination of minerals with maltose and asparagin 
was chosen. The steps, more or less logical, which lead to the develop- 
ment of this synthetic culture solution may be reviewed. Experiment 
had shown that the essential mineral elements necessary for the growth 
and development of this fungus were contained in two mineral salts. Ex- 
periments in which these are added to various nutrient solutions give a 
hint as to the value and the concentration suitable. Eventually a com- 
pound was selected which gave the mineral salts which needed to be 
supplied and in addition had a chemical which could be used to make the 
reaction less acid, as desired. Previous work had shown that the 
organism could grow and produce pycnidia on extremely limited amounts 
of minerals, so the amounts taken were extremely small — ^far smaller 
than the ordinary formulas call for. In choosing the carbohydrate, 
wide choice was possible, since so many allowed good growth. Maltose 
was selected for use in the experiment just reported, because, next to 
xylose, it had given the best growth. The use of xylose was not advis- 
able because of its high cost, but care was taken to use maltose in small 
amount, so that the effect found in the experiment reported in Table XX 
would not be repeated. Accordingly, Mjioo concentration was pro- 
visionally chosen. The device for deciding upon the nitrogen source 
has been detailed in the preceding experiment. The low concentration 
of nitrogen was chosen to avoid such toxic conditions as were found in 
the pea broth. In passing, it may be said that an attempt was made to 
secure approximately the ratio of carbon to nitrogen that exists in the 
com broth, which had been found extremely favorable to the organism. 

Different concentrations of the separate constituents of this nutrient 
solution were further tested, with extremely interesting results. The 
device used was to vary the concentration of one constituent while 
holding the others constant. It was thought that in this way approxi- 
mately the optima for all the constituents could be found. 

The following experiment was performed with double-distilled water 
(slightly poorer than conductivity grade) and *'non-sor' glass flasks. 
Dilutions were prepared as outlined in the table, and the culture media 
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steamed on three successive days. It was found that steaming instead 
of sterilization under pressure was very important. In a previous 
attempt the media were sterilized in the autoclave, and upon inoculation 
absolutely no growth took place. The experiment was done in quad- 
ruplicate with one strain. Inoculation was made with a spore suspension 
as before. The flasks were set in strong diffuse light near a window. 
Readings were made after a month. Five c. c. of water were added to each 
flask, and a second set of readings ^ were made after another month. 
The result of the experiment is shown in Table XXIV. 


Table XXIV . — Effect of quality of food: Test with synthetic solution in various com- 
binations 

ITime, 2 months] 


Medium. 


Potassium acid phosphate, Mjioo. 

Sodium carbonate, Mjioo 

Maltose, Mjioo 

Magnesium sulphate, M/500 ... 


Plus asparagin . . 


Potassium acid phosphate, Mjioo. 

Sodium carbonate, Mjioo 

Magnesium sulphate, M/500 

Asparagin, M/500 


■Plus maltose 


Potassium acid phosphate, Mjioo.'i 

Sodium carbonate, Mjioo . . . . [Plus magnesium 

Maltose, Mjioo [ sulphate. 

Asparagin, M/500 J 


Potassium acid pho.sphate, Mjioo. ] 

Magnesium sulphate, Mj^oo ... . [Plus sodium car- 

Maltose, Mjioo [ bonate. 

Asparagin, M/500 J 


Magnesium sulphate, M/500 

Sodium carbonate, Mjioo 

Maltose, Mjioo 

Asparagin, Mj^oo 


Plus potassium 
^ acid p h o s- 
phate. 



Number of 
pycnidia. 

Growth. 

(^,'50, . 

0 


Mnoo. . 

0 


Mjsoo. . 

50 

+4- 

MjifOOO 

0 

+ 

U^/5,000 

0 

-f 

(Mjio. . . 

0 

+++ 

Ml 50 

0 


Mjioo. . . 

50 

+ 4 - 

MI200. . . 

0 

-f 

Mli,ooo. . 

0 

-t 

fM/50. . . . 


+4" 

Mjioo. . . 

I 

+4-4 

Mjsoo. . \ 

50 

++ 

Mli,ooo. 

0 

4 + 

Mjs,ooo. 

0 

4 

Mjio. . . . 

0 

0 

M/50. . . . 

0 

4 

Mjioo. . . 

50 

4 + 

Mjzoo. . . 

^ 90 

4 + 

,Mj 1,000. 

0 200 

+ 4 + 

Mjio. . . . 

8 

4 

Ml so. . . . 

0 

4 + 

Mjjoo . . 

50 

44 

Mj200. . . 

0 

=i= 

Mji,ooo 

0 

0 


o 501x1 X. 


^ 295 in I. 


The device adopted is seen to be a very helpful one in determining the 
value of the various concentrations employed. The cultures in which 
asparagin was varied show how fortunate a concentration was chosen 
in the preliminary experiments. Similarly the experience with maltose 
shows that if asparagin is taken as M/500 then the maltose must have 


^ I oxn indebtcsd to my colleague, Mr. J. H. Munde. for making these readings. 
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approximately five times the strength. The experiments with mag- 
nesium sulphate are contradictory in part, but when the experience on 
page 742 is considered it may be concluded that for this organism the 
magnesium-sulphate ratio may be increased with profit. The phosphate 
proportion represented by M/ioo seems to be the favorable one. Sodium 
carbonate is found to be a constituent entirely unnecessary and for the 
most part detrimental to fruit-body formation.^ 

By this experiment, which could profitably be carried still farther 
within the limits indicated, a s)mthetic culture medium was obtained 
which gave for this organism a far greater pycnidia production than any 
other medium tried. 

The merits of this medium may now be considered. It is a solution 
which contains the minerals necessary for growth of a vigorous char- 
acter, but these chemicals are not present in superfluous amounts. It 
contains the carbohydrate which gave a remarkably strong, vigorous 
growth with this fungus, but the amount of the sugar is limited. The 
nitrogen source is a chemical of known composition and with maltose 
gave the strongest pycnidium production in the previous experiments. 
From the behavior of this organism we may conclude that we are ap- 
proaching an ideal culture medium for the growth and reproduction of this 
organism. But we may go even farther, since the physiological relations 
of fungi to the substratum are so much alike. We can safely say that 
this combination will be found widely useful in producing similar repro- 
duction in related forms. By the application of the same type of manip- 
ulation, some such combination can be found for other forms which will 
give better results than are now obtained on the ordinary media. 

We may now consider some of the ordinary laboratory media in their 
effects upon this organism. The fungus has been cultivated upon a 
great many of the ordinary materials used in the laboratory for stock 
cultures and for diagnostic work. In this culture work the relation to 
light and to oxygen has been carefully observed. The relation to reaction 
has been but tardily recognized. The experience reported for pea broth 
shows that almost all relations to media can be reversed by changes in 
reaction (acidity or alkalinity). The initial relation is not, however, of 
as much importance as the reaction to phenophthalein after sufficient 
growth has taken place to lead to pycnidium formation. Table XXV 
summarizes the behavior of the organism on the complex media, with 
the relations on the synthetic solutions included for comparison. 

I For convenience the amounts used in preparing this solution maybe given. Stock solutions of Af/jf 
dhemicals are prepared as follows: 

Magnesium sulphatc+7 Aq. a.466 gm.+5o c. c. water. 

Potassium add phosphate 1.36 gm.-f 50 c. c. water. 

Asparagin x.33 gm.+so c. c. water. 

JIfaltose 3.60 gm.4-50 c. c. water. 

For xoo c. c. synthetic solution take x c. c. of MJs magnesium sulphate and 5 c. c. of each oi the other 
solutions, and add to 84 c. c. water. Steam on three successive days. 
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Tabl:S XXV . — Ejgfect of quality of food: Complex media compared with synthetic solution 



Reaction. 



! 


Medium. 

Start. 

One 

mbnth. 

Growth character. 

Aerial form. 

Pycnidia. 

Time. 

Prune-juice agar (broth 
from 75 

Glucose agar (glucose 3 
per cent; peptone i per 

+8 

± 

Strong white mycelium, 
becoming greenish. 

Medium reddened. 
Wliite, restricted growth 
becoming red-brown; 

Strong tufted . 

+ 4 -+a 

3 weeks. 


Prominent. . 





cent). 



oidia. 




Com-meal agar (Shear) . . 

+ 10 

4-8 

Weak growth of myce- 

Scant, if any , 

44 - 

4 weeks. 




Hum, mostly sub- 
merged; no mat. 




Standard agar 

+ 1S 

—5 

Strong growth, white, 
forming mat. 

Scant, if any. . 

0 






Standard gelatin 

+ao 


Strong growth, white, 
gelatin slowly liquefied . 

Fair amount. . 







Filter paper 

± 

± 

Scant amount creepmg 
from pomt of inocula- 


4 - 4 - 

1-3 weeks. 





tion, becoming greenish 
black, paper not discol- 






ored. 




Parsnip plug 



Strong, quickly covering 
plug, which shrivels. 

Tufts 

4 - 4 - 4 - 

4 weeks. 








Color white, then tawny 




Carrot plug 



As above, color greenish 
at close. 

Tufts 

4 - 4 - 4 - 

4 weeks. 





Pea broth (a seeds in zo 

4-8 

-8 

Strong, forming tough 
mat, which becomes 

Scant 

0 


c. c ). 

Com broth (a grains in 
10 c. c,). 

4 -S 


4 - 4 - 4 - 4 - 

IS - ao 
days. 

4-8 

submerged; white. 
Scant to medium amount, 

submerged, forming a 
film, otherwise no aerial 






Beans ( a seeds In to c. c.) . . 
Bananas (autoclaved) .... 



growth, blackening at 
time of fruitmg. 



• 



As in peas 


0 




Strong, covering slice, 
reddish brown when 

Strong 

-f 

Slowly 

formed. 









old. 




Rice plus sXwater 



Strong, covering grains, 
which blacken after a 

Strong tufted . 

0 










month; white myce- 
lium becoming gray- 







green. 




Oats (a grains in zoc. c.). 

4-5 

4 

Weak, submerged growth 


4 - 

4 wedcs. 



forming film; blackens 
in a month. 





Raulin solution 

4-30 

4-30 

Strong white, becoming 

Strong tufted . 

0 





tawny. 




Synthetic solution: 

Potassium add phos- 
phate. M}ioo. 
Magnesium sulphate, 
MIsoo. 

Maltose, Aflroo. . , 
Asparagin, AI /500 



fGood white growth, sub- 
merged, forming film 




4-30 

4 -S 

on surface, on which 
pycnidia form; myce^ 


+4. 4. 4. 4. 

4--6wedrs. 



litim blackens just be- 
fore fruiting. 





** Aerial ^ One formula calls for 200 gm. of glucose per liter (Harter, xpia)* 

A comparison of the media with reference to their reaction ( + or — ) 
has already been made. In this relation we have a sharp determining 
factor which eliminates many preparations. Other media, such as rice, 
may be taken as cases where a poor balance exists between the nitrogen 
supply and the carbon supply, thus setting up an unfavorable toxic 
condition. The com broth and the synthetic solution behave alike. 
The aerial growth seems to be strongest in substrata of an add character. 
With rich substrata pycnidium production is aerial. The rapid pro- 
duction of pycnidia on filter paper is very significant. The wide range 
of suitable media is of great importance, and, since these substances 
must present carbohydrates and nitrogen compounds in great variety, 
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we have in these complex forms the same sort of result as was obtained 
in Table XXIII. But, in spite of the variety, the growth is much the 
same, and when fruiting bodies are produced they are the same mor- 
phologically. Such uniformity can be explained only by the assumption 
of an assimilation process which deals with much the same stuffs in all 
the substrata. The reserve materials are then worked over by the pro- 
toplasm under favorable conditions, and the fructification takes place. 

Effect of Change of Intensity of a Factor during the Growing Period 

Those experiments of Klebs (1899) in which a bit of rapidly growing 
mycelium of Saprolegnia mixta was transferred from a good nutrient 
solution to another of poorer quality, with resulting strong response in 
sporangium production, are the most striking demonstrations of the 
relation of checked growth to reproductive processes. In experiments 
of this type we have a device for studying some of the factors with the 
aim of their further simplification. We must, however, recognize that, 
no matter how ingeniously the term “checked growth''' fits the phe- 
nomena described, it really tells us little about the physiological pro- 
cesses underlying. 

The following experiment was performed. Strongly growing mycelium 
(i week old on com broth) was washed in two changes of 500 c. c. each of 
conductivity water. This mycelium was cut in pieces approximately 
the same size with sterile scissors and was added to the various sterile 
solutions shown in the table, with the results shown in Table XXVI. 


Table XXVI . — Effect of change of intensity of a factor: Withdrawal of food supply 

[Time, i week] 


Medium. 

Number of 
pycxiidia. 

Growth in- 
crement. 

i-week-old mycelium added to — 

Filter paper 

2 

++ 

+ 

■1 — h 

++++ 

+ 

++++ + 
++ 
++ 

CVmHiirtivity water 

5 

25 

0 

Com broth, 1/40 

Com broth i X 

Magnesium sulphate, approximately Mjjoo 

2 

Pea broth 

0 

Pea broth, 1/40 

0 

Check (similar mycelium allowed to grow undisturbed) . . 

0 


It is evident from these results that with the withdrawal of the food 
supply from vigorous, susceptible mycelium reproduction sets in promptly. 
The results were obtained in one week — two weeks after inoculation — 
although normally pycnidium production with com grains is much slower. 
This hastening of the reproductive process by change of quantity of food 
supply indicates that here we were able to produce the change which 
takes place more slowly in the ordinary cultures. 
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The following experiment (see Table XXVII), which was performed as 
part of the experiment given on page 741, gives the effect of change of 
concentration upon the mycelium. The experiment was made with com 
broth and with synthetic solution. The transfer was made after three 
weeks' growth had taken place. 


Table XXVII . — Effect of change of intensity of a factor: Change of concentration of 

food supply 

CORN BROTH 


Extent of change. 

Number of 
pycnidia. 

Growth 

increment. 

From loX tO' 

fioX . . ... 

I5X 

lix 

li/ioX .; 

2 

25 

25 

25-40 

4 - 4 - 

+ 

4 - 

+ 


^°x ■ • • ! 

(“) 


From 5 X to 

I5X 1 

|iX 

[i/ioX . . . .... ... 

2-25 

++ 

From I X to 

fioX 

I5X 

|IX 

[i/ioX. 

SO 

4-9 

0 

12-15 

4 - 4 - 

4 - 4 - 

4 - 4 - 4 - 

4 - 



1 

fioX . . . . 1 



From i/ioX to- 

IsX 1 

lix 1 

[i/ioX .. . 

1 0-3 

1 0 

4 - 4 - 

4 - 4 - 




i 



SYNTHKTIC SOI.UTION 


fix.. 

From loX to< X . . 

lx/ 5 X 


From 5X to 


'25X . 
loX . .. 
2X. . . 

iX... . 

Kx 

1/5X. . 
LI/IOX. .. 


fioX . 


From I X to< 


2 X... 
1/5 X. 
.i/ioX 


fsx... 

From i/sX to iX. .. 

i/ioX 


From i/ioX to 


aX 

iX 


KX.. 

i/sx. 


0 1 

+++ 

100 

++ 

20 

+ 

0 

H — 1"++ 

0 

++++ 

0 

++» 

100 

+++ 

50 

++ 

so 

++ 

2S 

+ 

0 

+++++ 

0 

H — 1 — 1 — h 

0 

+ +++ 

IS 

+ 

12 

+ 

0 

H — 1- 

100 

+++ 

0 

+ 

0 

+++ 

100 

++ 

50 

++++ 

SO 

+ 


n These transfers were not made. 


^ Many immature. 
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The results given in Table XXVII show in striking manner the effect of 
the transfer of mycelium from one concentration to another. When myce- 
lium from a poor solution is placed in a rich solution, it begins to grow 
vigorously, and, on the other hand, when rapidly growing mycelium is 
transferred to a solution of less concentration, the increase in growth 
is less. Exactly as the mycelium is checked or started into growth, 
reproduction is fostered or inhibited. While from the results of the 
experiments reported before it could only be said that these conditions 
of growth and reproduction occurred constantly side by side and there- 
fore were related. From this last experiment we have definite proof of 
the interrelation of these two processes. 

Other factors than food supply were experimented upon in the same 
way. The experiment previously reported under temperature (p. 726) 
strictly speaking belongs here. It may be remarked that pycnidium pro- 
duction began in the cold before it began in the cultures under room 
conditions. A similar experiment was performed with com broth. 
Com grains with mycelium about two weeks old, which showed no signs of 
pycnidium production, were set near a window at room temperature, and 
in the light in a cold attic where the temperature was about 10® C. 
After one week there were many pycnidia in the culture in the cold and 
the growth was checked, while in the culture under room conditions 
pycnidia production was just beginning and growth had continued 
regularly. After two weeks, however, the pycnidia were abundant in 
all the cultures, but were more abundant in the cultures under room 
conditions. From this experiment it is seen that a checking of growth 
by other means than food withdrawal can operate in much the same 
favorable way upon reproduction. 

If, then, the factor light, which is known to have a strong power of 
checking growth, operates in influencing pycnidia production in this 
manner, we should be able to replace the light effect by checking the 
mycelial growth in some other way. Cultures, if left in the dark, ought 
to produce pycnidia eventually. Cultures with scanty food supply,, 
such as those on filter paper, ought to yield pycnidia rather quickly in 
the dark. The experiments already reported have failed to show this 
action. Therefore, the action of light is not merely due to the checking 
influence which it has upon mycelial growth. If it were, we should 
have the paradoxical condition in which the withdrawal of light from 
a culture with limited food supply would augment pycnidium production, 
because of the greater growth in the dark and the more rapid diminution 
of the nourishment. 

The following experiment (see Table XXVIII) was perfcumed, in 
which the effect of checking the growth of com-broth cultures by low 
temperatures was tried in both light and dark conditions. Com-broth 
cultures 12 days old were placed under the conditions shown in the 
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table. The cultures in the dark were placed in the dark chambers 
described on page 723, and those in the light were placed in battery jars 
with tilted covers. 


Table XXVIII. — Effect of change of intensity of a factor: Change in temperature 



Pycnidia. 

Growth 

Conditions 

One 

week. 

Two 

weeks. 

increment, 
two weeks. 

Room temperature (22°): 




Dark 

0 

0 

++++ 

Light.. .... 

0-4 

25-50 

++ 

Approximately 10 *. 


Dark 

0 

0 

++ 

Light 

10-15 

1 

10-25 

++ 


The conditions were continued for two weeks longer without any 
change in the relations. This experiment reinforces the conclusion 
just arrived at that light has some other action than a mere checking of 
growth, and its action can not be replaced by a mere checking of growth. 

Light is known to have a powerful oxidizing effect, and organic material 
under the influence of light is subjected, according to Freer and Novy 
(1903), to the action of organic peroxids engendered by the catalytic 
action. 

The following experiment was tried to determine whether some such 
action was concerned. Hydrogen peroxid was added to 12-day-old 
com-broth cultures at the rate of 2 drops (1/20 c. c.) of a 3 per cent 
solution to a dish. The experiment was checked with cultures of the 
same age. The dishes were placed in a dark chamber. After a week 
(first examination) the result shown in Table XXIX was obtained. 

Table XXIX. — Effect of change of intensity of a factor: Addition of hydrogen pcrBxid to 

corn broth 

Medium. Pycnidia. 

Com broth + hydrogen peroxid (H2O2) • • • 4 -® 

Com broth, check ~ 

«4 to 8. 

By Strongly oxidizing cultures with hydrogen peroxid it was possible 
to replace the morphogenic action of light. Light, therefore, must act in 
some such manner upon this organism, and the action in fruit-body for- 
mation must be of some such character. This experiment was repeated 
at least six times, with varying concentrations of hydrogen peroxid. 
With cultures grown in the dark for from two to three weeks, the addition 
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of from I /25 to 1/5 c. c. of hydrogen peroxid (3 per cent) would produce a 
few pycnidia with datkened cultures. In the stronger concentrations the 
mycelium was completely enveloped with a froth. After the first stimu- 
lation the cultures produced no further pycnidia. It must be said that 
in no case were pycnidia produced in amounts equal to those under 
light conditions. At best ^e use of hydrogen peroxid is a very harsh 
method. 

With young cultures or with very old cultures the hydrogen peroxid 
was ineffective. In these its behavior is like that of light. 

Other chemicals known to be strong oxidizing agents were employed. 
It may be said that nearly all gave positive results at extremely weak 
dilutions, provided that the mycelium used was in proper condition. 
Mycelium which would produce pycnidia by an hour's exposure to light 
gave good results with the oxidizing agents. 

Another factor was doubtless responsible for the inequality of pyc- 
nidium formation in these experiments. All the chemicals used are 
toxic to the mycelium. In the concentrations used, these poisoned the 
cultures and certainly affected the reactions. 

Table XXX summarizes the successful trials. 


Tabl^ XXX . — Effect of change of intensity of a factor: Use of various chemicals 


Chemical and concentration. 

Com broth. 

Synthetic. 

Pea. 

Nitric acid (HNO3), Af/500 

Sulphuric acid (H2S04j, Ml 500 

+ 

+ 

+ 

+ 


— 

Sulphuric acid (H2SO4), A//500,+ potassium dichro- 
mate {K2Cr207), MI500 

+ 

■f 


Potassium permanganate (K2Mn207), MI500 

— 

— 


Ferric chlorid fFeCL), 1 drop of M/5 

-f 


— - 

Zinc sulphate (ZnS04), MJsoo 

— 




• GENERAL DISCUSSION 

The work reported in this paper has given more or less of a definition 
of the environment in which Plenodomus fuscomaculans can live and 
reproduce. We now know the bare essentials for growth — the base level 
of existence — since we know the minima of the various formal condi- 
tions of growth. Similarly, we know some of the highest intensities 
which can be tolerated. 

For growth at the base level of existence, there is only required the 
almost immeasurably small food supply of conductivity water, a scanty 
amount of free oxygen, and a temperature of 6° C. — ^perhaps lower. 
These factors may be increased in intensity until there is tolerated a 
food supply enormously larger, abundant oxygen, and temperatures up 
to 37® C. — perhaps higher. But as the simple minimum conditions ate 
passed, the interactions of the component factors of the environment 
increase, and new factors arise which also have their limits. With 
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increase of food supply we must now consider, besides the mere chemical 
parts, the ratio of these parts to each other, both at the outset of growth 
and throughout the growing period. We analyze such relations and 
classify them as reaction, etc. 

For pycnidium production the limits are found to be much narrower 
than those suitable for growth. No reproduction takes place at the 
base level of existence. Food supply must be increased, not greatly, 
but in measurable amount. From the scanty supply in conductivity 
water it must increase to the quantity found in distilled water — a two- 
fold to tenfold increase. Or it must be present in at least one thousandth 
of the quantity cooked from a few sheets of finest filter paper by conduc- 
tivity water, but one-tenth of this amount is not sufficient. Oxygen 
must be present in abundance; stagnant air prevents reproduction. The 
temperature may be as low as 10° C., but must not be as low as 6^® C. 

Up to a certain limit (perhaps up to M/50), increase in concentration 
of the food supply augments reproduction. After that point the excess 
food supply retards and eventually inhibits reproduction. Fructifica- 
tion, when it does take place with media of higher concentration, takes 
place in the aerial mycelium, and doubtless here the conditions are com- 
parable to those in which the fructification is produced within or upon 
the medium. 

The kind of food may vary almost without limit. An organism which 
can grow and reproduce in distilled water or a grain of com can find 
requisite food materials in almost any biological product. But the 
more complex substances bring new relations, which, while of some 
importance to growth, are of decisive importance for reproduction. 
Growth can take place between the acid and alkali limits of H- 30 and — 10 
to phenolphthalein, but reproduction is limited to the conditions but 
slightly more acid than the neutral point of this indicator. 

Cora broth seems at first glance a better foodstuff for this organism 
than oat broth, and in two parallel cultures the first will produce 50 
pycnidia while the other is producing one. Yet if the oat culture be 
acidified with an acid phosphate, or even with hydrochloric acid, it 
becomes nearly as good a culture medium as the com. Glucose agar made 
after the ordinary formula gives a strong growth with this organism, but 
no pycnidia. If the chemicals of this formula be diluted 50 times, the 
organism will fruit abundantly upon it. This organism was found to be 
greatly overfed by the ordinary laboratory media, and under the influence 
of the great excess of food grew and grew until the by-products of 
metabolism checked growth or destroyed the organism. 

The differences in media were not so much in the food which they con- 
tained — ^for an examination of published analyses will show all necessary 
elements for growth and reproduction in almost any plant — as in the acid 
or alkaline reaction which the medium gave when prepared, the reaction 
maintained, and the concentration or relative scantiness of carbohydrate 



760 


Journal of Agricultural Research 


Vol. V..No.’x6 


and protein. The least adapted synthetic solution for this fungus 
(Raulin, 1869), could be made to yield pycnidia by the addition of lime, 
which probably counteracted the acidity; and pea cultures in which the 
mycelium was submerged and nearly dead could be made to grow and 
produce pycnidia by mere acidification. Furthermore, pea cultures to 
which sugar is added to balance the protein produce abundant pycnidia 
in the aerial hyphae. 

A consideration of the various laboratory media shows them to be 
rather purposeless, clumsy devices, in which this organism is overfed. 
Except the very simplest ones, none have warrant for existence if con- 
sidered from the point of view of adaptability for a specific purpose. 
The great similarity of results on the various media seems to require the 
conclusion that these foodstuffs are not specific. Any fruit or vege- 
table is a full nutrient for almost any organism if the material be made 
properly soluble, and any harmful acid or alkaline reaction or otherwise 
unfavorable concentration be adjusted. Probably any biological product 
can likewise be utilized. Our methods have made a fetish of variety and 
have completely neglected the contributing factors. 

As has been said, fungi behave alike in their relations to the substrata 
in the vast majority of cases. That the findings for this organism apply 
to others seems entirely probable. In many ways confirmatory evidence 
is to be found in the present practices. A certain medium is discovered 
which gives fruiting bodies for some fungus. A number of other organisms 
not at all related, in spite of differences in life relation, are also found to 
fruit upon this medium. 

A consideration of one of the best preparations devised for fruit-body 
formation is very interesting. Shear’s corn-meal agar is made by stiffen- 
ing with agar the infusion obtained from four teaspoonfuls of corn meal 
(Shear and Wood, 1913). This medium is suitable for fructification for 
this organism, because it gives a scanty food supply, yet sufficient readily 
available to produce the growth necessary for pycnidium formation. 
The ratio of carbohydrate to protein is such that the reaction remains 
acid. Reasoning from such similar phenomena, a rather general applica- 
tion may be made. Any organism of this type can be made to grow and 
fruit upon a synthetic substratum containing the essential components, 
provided that the ratio of the components, hence the acid or alkaline 
reaction, and the concentration, be adjusted to the limits demanded by 
the particular organism. This assumes that the factors of light, tem- 
perature, aeration, etc., also fall within their own suitable limits. 

We have, therefore, within the reach of experimental work the possi- 
bility of developing an environment which can be so defined that it can 
always be duplicated, suitable for a great group of organisms (Thom, 
1910). With such a chemically and physicaUy defined environment the 
classification of organisms could be placed upon a sounder working basis. 
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It is commonly admitted that the description of an organism must be 
taken under the assumption of some definite environment. The great 
mass of media in common use, the uncertainty of composition, the lack 
of standardization, and the usual failure to bring about fructification 
have left the description of fungi with only the natural habitat as a fixed 
environment. With forms of comparatively simple morphology this 
standard has led to the classification by hosts, with its attendant multi- 
plicity of species. A firm basis for taxonomy can be arrived at, and 
simplification can come, only from a standardized environment. 

As has been indicated in the preceding discussion, the physical environ- 
ment must also be defined. With the growth of our knowledge of the 
forms we shall be able to a great extent to analyze the complex of forces. 
In the present paper one such force has been emphasized and its action 
discovered to be related to the liberation of energy by oxidation. 

Light was found to be essential for reproduction. If light be absent 
or insufficient, although all other requirements were satisfied — ^with a 
medium suitable for growth and food supply, aeration, acid reaction, 
temperature, all within the proper limits — pycnidium production will 
not take place. Instead, aerial mycelium is formed, and eventually the 
organism goes into a static condition. The light factor, as others, has its 
limits. Weak light will not allow pycnidium production. This factor 
differs from the others in that its action need not be continuous. It is 
therefore of direct stimulative nature. A short exposure to strong 
diffuse light of cultures from dark conditions, which are otherwise ready 
for pycnidia formation, gives the necessary stimulus during a further 
period in the dark. When the effect of the stimulation is spent in the 
production of a few pycnidia, a second exposure is necessary for a second 
inauguration of the process. 

The action of light in thus unlocking these forces is very satisfactorily 
explained by the experiment in which a few drops of hydrogen peroxid 
were used to replace the light stimulus. Other oxidizing agents also 
serve to stimulate fruit-body formation. The protoplasm of well-nour- 
ished mycelium is rich in oily reserve materials, and the action of light 
may oxidize these bodies and change them from emulsions of poor mobil- 
ity to materials of great diffusibility. Accompanying this we have a 
releasing of energy, and fruit-body formation is inaugurated. The 
mechanism of this process is not known at all, but Herzog (1903) has 
shown that the sporulation of yeast is affected by temperature, and the 
curve for the variation in amount produced by tenxperature is a typical 
tDzym curve. 

Hydrogen peroxid added to a pea-broth culture, to a rich sugar solu- 
tion, or to a young growing culture on com broth does not immediately 
lead to fruit-body formation, nor does the action of light on such cultures 
lead to it. The action of light is modified and controlled by the condi- 
17210"*— 16 i 
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tion of the mycelium, and this we have seen is a resultant of the envi- 
ronmental factors. In other words, we must consider in what way a mass 
of mycelium with checked vegetative growth is influenced to reproduc- 
tion, while one in active growth is unaffected. 

The cause of this relation to light, or, better, to oxidation, is under- 
stood if we take into account the fact that among organisms and among 
parts of the same organism there exists a strong competition for oxygen. 
In the cell itself the various processes inhibit and influence each other 
by their oxygen relations. Oxidation is never at its maximum in the 
cell under ordinary conditions, as simple tests with increased oxygen 
tensions show (Porodko, 1904). Organisms well aerated grow better 
than those in an air supply below the optimum. The action of oxidation 
is to release energy. The materials oxidized are either the foodstuffs 
suitable for nutrition or the cell material which growth has stored up. 
Euler (1909) contrasts growth, a stretching process, with reproduction, 
a differentiating and formative process. Growth is a process which is 
gradual, and it takes place even if only a small amount of energy be 
available. It is a process taking less energy than reproduction, as all 
respiration experiments have shown. The great consumption of energy 
in reproduction is doubtless associated with the great amount of nuclear 
protoplasm which must be formed. Growth, therefore, is the process 
first inaugurated, and the one which continues so long as the food supply 
is abundant and outer conditions permit. It is a static condition, as 
reproduction is dynamic. 

In the hunger state the oxidations are different to a marked degree, 
as Kosinski (1901) has discovered, and here we have the cell reserve 
gradually drawn upon. The fats and even the proteins may be oxidized, 
according to Purievich (1900). But in this hunger state the respiration 
is reduced, according to Kosinski; hence, the working is slow. These 
metabolic relations, in spite of their great complexity, balance each other. 

It would seem that reproduction is not possible under conditions 
favoring growth, because the oxygen supply is all used in ordinary 
metabolism. With the hunger state, respiration is reduced. Oxidation 
becomes vigorous if it be stimulated by light. No doubt any catalytic 
agent would be similarly effective. Once in this hunger state, oxidation, 
if augmented, takes place upon the rich cell stuffs, with the liberation of 
much energy. This energy is used in reshaping the reserve stuffs into 
complex protein bodies— the spores. The sharper the hunger condition 
is made, the more striking the reaction in pycnidium production. The 
sudden withdrawal of the food supply by the transfer of richly-growing 
mycelium to lower concentrations or to distilled water, checks ordinary 
assimilation, with its attendant use of oxygen. If oxidation of the cell 
reserves be inaugurated by light or some strong oxidizing agent, fructifi- 
cation takes place. 
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We may now consider other factors in the light of this theory. Experi- 
ment has shown that aeration is essential for reproduction. The action 
of light upon the protoplasm is dependent upon the oxygen supply. 
Aeration may work to continue the oxidizing process by the removal of 
end products, thus allowing oxidations to proceed to completion. In 
many cases recorded in the literature the effect of transpiration is to 
further the exchange of gases. The action of low temperature was to 
check growth, and pycnidium production was found to start. Euler 
(1909) states that lowering the temperature affects the oxidation process 
to a lesser degree than it affects other processes. 

The action of the acid reaction is interesting and confirmatory. So 
far in this discussion the mechanics of the oxidation have not been con- 
sidered. Oxidations in plants are generally believed to take place through 
the activity of oxidases of various sorts. As is well known, light acti- 
vates this type of enzym, although it is detrimental to such enzyms as 
diastase (Euler, 1909, p. 97). The pronounced and sudden blackening 
of cultures about to produce pycnidia is very significant and can be best 
explained by the oxidation of some leuco compound by an oxidase 
(Kruse, 1910, p. 787). Some oxidases are known which work better in 
a slightly acid medium. We have seen that for this organism an alka- 
line medium was prejudicial to reproduction. The effect of acid reaction 
in favoring the reproductive process has not been explained, but it may 
have some connection with the enzyraotic process. At any rate, an 
oxidation of oily stuffs to fatty acids would give a medium suitable for 
further activity of these ferments. 

The formation of pycnidia in the aerial mycelium and in fact the whole 
series of complex reactions which Klebs (1900) has associated with *'Luft 
leben''‘ become much more comprehensible if we view them from the point 
of view of oxidation. 

The replacement of the light factor by hydrogen peroxid thus becomes 
of great importance in reducing to simple terms the phenomena encoun- 
tered. Light can unlock in suitable mycelium the reproductive process. 
This it does by its catalytic influence. The action may be due to the 
activation of oxidases along with the inauguration of a reaction (acid) 
favorable to their continued action; but this oxidation thus set up does 
not proceed to reproduction if the growth process is consuming the 
energy. If growth is not able to proceed, owing to scanty food supply 
or some checking influence, then the catalytic action of light inaugu- 
rates a building of the stored foodstuffs into complex fruiting bodies. 

This general discussion may now be summarized. In the historical 
portion of the paper it was seen that the environment may be viewed as 
a directive and collective force which can be utilized for unfolding the 
life history of an organism. The great generalizations of Klebs are 
broad, and by their very broadness make possible acceptance in a wide 
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range of cases. Their teachings can not, however, be made the basis for 
research without the development of methods of attack suitable to a 
series of forms. The method of this paper may be used for similar 
organisms. 

The first part of the paper may be interpreted as a determination of 
the limits of the life processes, which, when once determined, allow in 
the latter part of the paper a manipulation of them. The knowledge of 
the factors and their optima made possible a development of an environ- 
ment especially fitted for growth and reproduction. 

The proposition of Klebs, that the limits of reproduction are narrower 
than those of growth, is fully substantiated. Klebs further pointed out 
that growth and reproduction are processes opposed to each other. This 
is true for the organism studied. 

The action of light has led to an insight into the mechanism of this 
opposed action. It has shown that growth, the static condition, is 
opposed to reproduction, a d)mamic condition. Where one process is 
storing energy, the other is a process consuming energy. The equilib- 
rium within the cells needs to be upset by some oxidizing force in the 
case of this fungus to inaugurate fruit-body formation in susceptible 
mycelium. 

It is riot concluded from the experiments with this species that light 
is a specific factor which will cause reproduction to take place in all 
forms, once growth is checked, although it may be expected to be an 
important condition in related organisms. But, in view of the great 
similarity of behavior in all the forms tested so far with respect to growth 
and reproduction, it may be concluded that in them some stimulus be- 
comes operative when an organism is in the hunger state which starts the 
utilization by oxidation of the stored food supply and leads to the phe- 
nomenon of reproduction. 

SUMMARY 

This paper gives the results of experiments performed with Plenodomus 
fuscomaculans, a fimgus pathogenic to the apple. The specific problem 
undertaken was the determination of the effects of various controlled 
environmental factors upon the growth and reproduction of this fungus. 

The historical development of the art of culturing organisms has been 
traced from the first crude cultures to the present elaborate technic. 
The simultaneous development of our knowledge of the physiology of 
organisms has been briefly summarized. This survey shows that the 
environmental factors may greatly influence the life processes of organ- 
isms. Organisms have been cultured in the laboratory in an imitative 
or haphazard way, with a chance of finding a suitable environment. 
Owing to the great variety of available methods and the great plasticity 
of organisms, this course has been productive of results with some forms. 
Another type of research has sought to find the relation of the organism 
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to its environment and by manipulation of the environmental factors to 
discover the various phases of life history. Although many related 
forms have been grown in pure culture, very little physiological work of 
this type has been done with the Sphaeropsidales. 

The organism was found to have a wider range of conditions suitable 
for growth than for reproduction. The base level of conditions neces- 
sary for growth is found in conductivity water at low temperatures. 
Reproduction requires more favorable conditions. Pycnidium pro- 
duction took place only in cultures exposed to light. The ordinary 
room temperatures were sufficient. Abundant aeration is essential. 
Transpiration is a factor of secondary importance. A slight acid reaction, 
especially at the close of the growing period, is a necessary condition. 
The value of a medium depends largely upon the add or alkaline reac- 
tions present, not alone at the beginning but at the close of the growing 
period. Autointoxication was observed and was traced to excess of 
either add or ammonia, which was the product of too great a proportion 
of either carbohydrate or protein, respectively. 

As has been said, the quantity of foodstuff necessary for growth is 
extremely minute. Pycnidium production requires more food, but the 
meager amount present in distilled water is sufficient to allow the pro- 
duction of a few pycnidia. On the other hand, the fungus is able to 
tolerate very rich food supplies, but pycnidium production in solutions is 
restricted to Ml 100 or perhaps M/50 sugar concentration. Exact limits 
are hard to determine, because of the formation of mats or films in solu- 
tions, which effectively wall off much of the food supply. Fructification 
in the case of rich media takes place in the aerial hyphae, and no doubt 
this relation corresponds with the conditions in solutions. 

Magnesium sulphate and potassium dihydrogen phosphate in very 
dilute solutions furnish the necessary mineral elements for growth and 
reproduction. The carbon supply may be taken from a wide range of 
compounds of alcoholic structure. The carbohydrates furnish food 
materials in most available form, and, of these, xylose and maltose pro- 
duce the best growth. The carbohydrates do not seem to be specific in 
producing fruiting bodies, and almost any are suitable if taken at the 
right dilution. The nitrogen assimilation is greatly influenced by the 
type of carbon nutrition. 

The minerals mentioned and maltose and asparagin at the ratio of 5 to i 
seem to offer the most favorable combination, although others are 
suitable. From the experiments a medium was selected which though 
of entirely known composition gave better growth than any other tiled. 
This synthetic solution had a scant amount of food supply, yet enough 
to permit a quick, vigorous growth. It retains the acid reaction till the 
close of the growing period. A study of this medium gave a basis for a 
criticism of results obtained with the common laboratory combinations. 
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The problem of this paper was a study of the effect of environmental 
factors upon this organism, especially as they influenced growth and 
reproduction. The experiments here reported verify the conclusions of 
Klebs and extend them for an untested group of organisms, the Sphae- 
ropsidales. As has been pointed out, in this paper the method of approach 
was different from the inductive methods used by Klebs in drawing his 
conclusions, since the methods employed here were deductive, based on 
our knowledge of the reactions of other organisms. The experiments with 
Plenodomus fuscomaciUans give a method applicable to related forms. 
The results of this physiological work give a basis for practical recom- 
mendations as to the culture of other organisms, as well as evidence of the 
feasibility of developing a standard synthetic solution which would make 
possible a standardization of environments for diagnostic purposes. 

The action of light, when pushed to a last analysis and when con- 
sidered in view of the experiment in which hydrogen peroxid and other 
oxidizing agents replaced it, is seen to be of either an oxidizing or a 
catalytic type. This led to the development of a theory to explain the 
mechanism of the opposed action of growth and reproduction. This 
theory sees in the competition for oxygen the fundamental reason for the 
absence of fructification under conditions which allow abundant growth. 
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EFFECT OF ELEMENTAL SULPHUR AND OF CALCIUM 
SULPHATE ON CERTAIN OF THE HIGHER AND 
LOWER FORMS OF PLANT LIFE ^ 

By Walter Pitz, 

Assistant Agricultural Chemist t Agricultural Experiment Station 
of the University of Wisconsin 

INTRODUCTION 

A Study of the literature ^ shows that a number of investigators have 
noted a beneficial effect when elemental sulphur or sulphates are added 
to certain soils. The number of these investigations and also the' types 
of soil and plants employed are limited. Certain workers report no 
beneficial effects from the addition of sulphur or sulphates to soil, and in 
isolated cases an injurious effect has been noted. Just how the sulphur 
or its compounds act is little understood, but there are two plausible 
explanations: (i) That it acts as a fertilizer, supplying the sulphur 
needed for plant growth, and (2) that it acts as a corrective agent — 
i. e., it favors beneficial groups of bacteria, while injurious forms are re- 
tarded in growth. However, the problem of sulphur and sulphates in agri- 
culture is still far from being solved. This is especially tme in the case 
of the effect of sulphur and sulphur compounds upon micro-organisms. 
In order to study this phase of the problem, a series of experiments 
was planned. 

PLAN OF WORK 

The object of these experiments was (i) to note the effect of sulphur 
and sulphates upon the soil micro-organisms and on pure cultures of 
legume bacteria, and (2) to note the effect of sulphur and sulphates upon 
the growth of red clover {Tri folium pratense). 

For the experiments with mixed cultures, fresh soil was used as an 
inoculum. For legume bacteria all materials were sterilized, and the 
nutrient medium was inoculated with a pure culture of bacteria from the 
nodules of red clover. 

> Paper from the Laboratories of Asriculttiral Bacteriology and Airricultural Chemistry of the Uni- 
versity of Wisconsin. 

*Hart» K. B., and Toltingham, W. B. The relaticm of sulphur compounds to plant nutrition. In 
Jour. Agr. Heseardi, v. Sp no , 6, pp. 1915. Literature cited, p. *49. 
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EFFECT OF ELEMENTAL SULPHUR AND SULPHATES ON SOIL 

BACTERIA 

MIXED CULTURES 

For these experiments ten i -gallon jars containing 2 kgm, each of 
Miami silt loam takep from the Wisconsin Experiment Station farm 
were used. The analysis of this soil is as follows: 

Percent. 


Potassium 2. i 6 

Nitrogen 15 

Phosphorus 15 

Sulphur 016 

Calcium carbonate 33 

Humus 1 . 3® 


Thtf moisture content of the soil was held at 18 per cent, or about half- 
saturation. Each jar was covered with a layer of cotton and gauze to 
prevent contamination, and was incubated at 28° C. Various amounts 
of sulphur and of calcium sulphate were added to the pots, as shown in 
Table I. At definite intervals samples were taken from the jars and 
bacterial counts as well as determinations of ammonia and of nitrates 
made. The results of the latter are given in Table I. 

Tablb I . — Effect of calcium sulphate and elemental sulphur on soil bacteria 


Number of organisms per gram of soil after — 


Treatment. 

la days. 

30 days. 

44 days. 

7a days. 

93 days. 

Untreated 

6, 866, 000 

8, 746, 000 

10, 790. 000 

6,350,000 

10, 783,000 

Given o.ot per cent of caldum sulphate 

6 f 866 , 000 

10, 544 »ooo 

13,900,000 

6.590,000 

11,026,000 

.05 per cent of calaum sulphate 

8 , i;o6, 000 

14, 140,000 

xj, 789.000 

8,038,000 

9 , 94 S.ooo 

.xo per cent of caldum sulphate 

7,221,000 

7,923,000 

13,060,000 

7.923,000 

9,824,000 

.50 per cent of caldum sulphate . 

8, 290. 000 

8, 029, 000 

13,420,000 

7,548,000 

xo, 305,000 

x.oo per cent of caldum sulphate 

8, s8o,ooo 

9,585,000 

12,938.000 

7, 668, 000 

9,945.000 

Untreated 

6, 590, 000 

; 9,166,000 

8,626,000 

6,949,000 

9, 705.000 

Given o.or per cent of sulphur 

7,439,000 

8,746,000 

8,866,000 

7.923,000 

8,636,000 

.05 per cent of sulphur . . 

9, 106,000 

8,866,000 

10,065,000 

7,668,000 

8, xi6,ooo 

. ro per cent of sulphur 

8, 290, 000 

8,308,000 

10, 300, 000 

6, 590,000 

8,866,om> 

.50 per cent of sulphur 

8, 864, 000 

11,020,000 

1 4,914,000 

3,594.000 

2,995,000 

1.00 per cent of sulphur 

6, ?04, 000 

7,070,000 

1 2,63^,000 

3,339,000 

7x9,000 


The data show that calcium sulphate in the quantities used apparently 
has little effect on the number of soil organisms. Elemental sulphur, 
however, decreases the number of soil organisms that grow on agar 
plates. This decrease is not noticed until after 44 days, and only in soils 
to which 0.05 and i per cent of sulphur had been added. Quantitative 
acidity tests of the soils of these two jars showed it to be distinctly acid. 
This is corroborated by the work of Lint,^ who has shown that in soil 
elemental sulphur is oxidized to sulphate and that the acidity produced 
is proportional to the amount of sulphur added. Acidity determinations 
were made according to Truog's* method and are given in Table II, 

t lint. H. C. The influence of sulphur on soil acidity. In Jour. Indus, and Bngin. Chem., ▼. 6. no. 9. 
p, 747-748* X 9 U- 

^tHruog. A new test for soil addity. Wis. Agr. Bzp. Sta. Bui. 949. z6p.. j flg., x pi. 19x5. 
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Tabi^B II . — Acidity of soil treated with elemental sulphur 


Treatment. 

Caldum oxid 
necessary to 
neutralize acid 
inxogm.ofsoil. 

Untreated 

Gin» 

0. 0000 

. 0000 

. 0000 

. 001 1 
.0369 
.0668 

Given o.oi per cent of sulphur 
.05 per cent of sulphur 
.10 per cent of sulphur 
. 50 per cent of sulphur . 
1 . 00 per cent of sulphur . 


The results of these determinations show that the acidity produced 
by the oxidation of elemental sulphur to sulphate is proportional to 
the amount of sulphur added. In the samples to which o.oi and 0.05 
per cent of sulphur had been added, the soil contained enough lime to 
neutralize the acidity. 

Change in reaction is probably the cause of the decrease in the number 
of the soil organisms. Abundant mold growth was found on the surface 
of the acid soils. 

Table III shows that calcium sulphate in the quantities used has no 
effect on the production of ammonia in the soil. Elemental sulphur, 
however, in concentrations of 0.5 and i per cent increases the production 
of ammonia to a marked degree. This increase is noticeable after 44 
days. 

Tablb III . — Effect of calcium sulphate and elemental sulphur on the production of 

ammonia in the soil 


Quantity (in millijrraxns) of ammonia nitrogen per loo 
gm. of soil after — 


Treatment. 



I a days. 

30 days. 

44 days. 

73 days. 

93 days. 

Untreated 

3-99 

3 * 19 

3*40 

3. ax 

3. 33 

Given 0 or per cent of calcium sulphate. . . 

3 - 19 

a. 38 

3.32 

3.80 

3. 48 

. 05 per cent of calcium sulphate. . . 

3 ' *9 

3. ai 

3.06 

3.06 

3 - 57 

. xo per cent of caldum sulphate. . . 

3 - 8a 

2.38 

3 - 23 

3-32 

3 * 23 

* 50 per cent of calaum sulphate. . 

3 - »9 

a. ay 

3.36 

3-40 

3 - 57 

7. 00 per cent of caldum sulphate. . . 

3- 8a 

a. ax 

3.06 

3 - 23 

3-40 

Untreated 

3-97 

3 * *9 

3. 13 

2.97 

3 40 

Given 0. 01 per cent of sulphur 

3 - 9 * 

a. 38 

3 - 19 

a. 7a 

3 - 23 

. 05 per cent of sulphur 

3 - J 9 

a. ay 

3.06 

2.46 

3*23 

. 10 per cent of sulphur 

3.06 

a. ax 

3*23 

2 - S 5 

3. 16 

. 50 per cent sulphur 

3- 8a 

a 8y 

S- 95 


8.26 

X. oo i>er cent of sulphur 

3' 95 

2.89 

6.80 

7*31 

9-52 


The data in Table IV show that calcium sulphate in the quantities 
used does not materially affect the formation of nitrates in the soil. Ele- 
mental sulphur, on the other hand, in concentrations of 0.5 and i j>er 
cent decreases nitrate formation. This decrease is noticeable after 30 
days. Previous to this time the sulphur does not seem to injure nitrate 
formation. Concentrations of sulphur lower than 0.5 per cent have no 










774 


Journal of Agricultural Research 


Vol. V, No. 


appreciable effect on nitrification. It should be noted that while the 
bacterial counts begin to decrease after 44 days, the ammonia content 
begins to increase at this time. 

TablB TV.— Effect of calcium sulphate and elemental sulphur on nitrate production in 

the soil 


QuanUty (m milligrams) of ammonia nltroiten per xoo 
gm. of soil after — 


Treatment. 



12 days. 

30 days. 

44 days. 

72 days. 

93 days. 

Untreated 

1.87 

1*34 

3 . 95 

3-93 

4 - 70 

Given o.oi per cent of calcium sulphate . . 

2. 12 

1 25 

8*35 

4 - 13 

5-07 

.05 per cent of calcium sulphate . 

2. 42 

1. 01 

2.49 

4 * 58 

5 * 72 

.10 per cent of calcium sulphate 

1. 14 

I. 25 

2. 10 

4-03 

5-47 

.50 per cent of calcium sulphate 

1.86 

I- 23 

2*45 

2.92 

4.99 

z.oo per cent of calcium sulphate 

1-35 

1. 82 

2 39 

2.87 

4 - SI 

Untreated 

1 >S 3 

1.66 

2 93 

3-93 

4-35 

Given o.oi per cent of sulphur 

1.80 

X -99 

2. 65 

3 - 13 

4 - 13 

.05 per cent of sulphur 

2.17 

1.88 

2. 29 

3. 20 

4-53 

.10 per cent of sulphur 

1.38 

1.69 

2 9a 

4 ' X 3 

4-93 

.50 per cent of sulphur 

1.24 

•54 

1.41 

1. 14 

.89 

x.oo per cent of sulphur 

•94 

•.'>4 

.64 

•95 

•8s 


PURI3 CULTURES 

In order to determine the effect of calcium sulphate on pure cultures 
of legume bacteria (red clover), Ashby’s solution, minus the sulphate, was 
used. To 100 c. c. portions of this solution in 10 large Erlenmeyer flasks 
were added 30 gm. of pure quartz sand and various amounts of calcium 
sulphate. The sand was used to aid in breaking up the aggregates of 
bacteria when samples were taken for counts. All cultures were incu- 
bated at 20® C., and at intervals of one and two weeks bacterial counts 
were made. The results of these counts are given in Table V. 

Table V. — Effect of calcium sulphate on the growth of red clover organisms in Ashby*s 

solution 


Number of organisms per cubic centimeter 
of solution after — 


Treatment. 



oday. 

7 days. 

z4 days. 

Untreated 

30,000 
30,000 
30,000 
30,000 
30, 000 

53, 000, 000 
139, 000, 000 
177,000,000 
198, 000, 000 
121, 000, 000 

157, 000, 000 
425, 000, 000 
400, 000, 000 

450. 000, 000 

350. 000, 000 

Given o.oi per cent of calcium sulphate 

.02 per cent of calcium sulphate 

.05 per cent of calcium sulphate 

.10 per cent of calcium sulphate 


The data show that the numbers of bacteria that grow on Ashby’s agar 
were increased by the addition of calcium sulphate. The increase is 
very marked after both 7 and 14 days. It should be noted that o.oi per 
cent of calcium sulphate is apparently just as efficient in producing an 
increase in the number of bacteria as is o.i per cent. This seems to 
indicate that only a trace of calcium sulphate is needed to stimulate 
the legume bacteria. 
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This experiment was repeated, using soil solution in place of Ashby's 
solution. For this purpose i kgm. of Miami silt loam was placed in a 
large container, i liter of distilled water added, and the entire mass 
boiled for one hour. It was next filtered, and 0.05 gm. of dipotassium 
phosphate and i gm. of mannite were added. This was then put into ten 
500 c. c. flasks and 30 gm. of quartz sand added. Various amounts of 
calcium sulphate were used. The flasks were sterilized, and when cool 
were inoculated with a pure culture of red-clover bacteria. All cultures 
were incubated at 23° C. At intervals of one, two, and three weeks bac- 
terial counts were made. These results are given in Table VI. 

Table VI. — Effect of calcium sulphate on the growth of red-clover organisms in soil 

solution 


Treatment. 

Number of organisms per cubic centimeter (A 
solution after— 

oday. 

7 days. 

Z4 days. 

36 days. 

Untreated 

Given o.oz per cent of calcium sulphate . 

.02 per cent of calcium sulphate 

.05 i)er cent of calcium sulphate 

.JO per cent of calcium sulphate 

j8o,ooo 

180,000 

180,000 

180,000 

1 x8o,ooo 

63,000,000 

135.000. 000 

125.000. 000 

125.000. 000 

238.000. 000 

145. 000. 000 

276.000. 000 

178.000. 000 

269. 000. 000 
^85*500,000 

246. 000. 000 

337 . 000 . 000 

244. 000. 000 
3^9,000,000 

363.000. 000 


From the data it is evident that the addition of calcium sulphate stimu- 
lates the growth of red-clover organisms in pure cultures to the extent 
of more than 100 per cent. The results of this test agree with those 
obtained in Ashby's solution — i. e,, that small amounts of calcium sul- 
phate are apparently as beneficial as larger amounts. 

EFFECT OF SULPHUR AND SULPHATES ON HIGHER PLANTS IN 

ARTIFICIAL MEDIA 

Various experiments were made with the view of determining the 
effect of calcium sulphate and sulphur upon the growth of clover and 
upon nodule formation. This was tested first in artificial media. The 
medium consisted of a soft synthetic agar prepared from i liter of tap 
water, 5 gm. of dipotassium phosphate, and 7 gm. of agar. This medium 
was sufficiently firm to support the seeds. Thirty c. c. of the melted agar 
plus various quantities of calcium sulphate were added to each of 50 
test tubes. In order to reduce the individual variation between the 
plants, 10 parallel tubes were used. The tubes were sterilized, and then 
two seeds of red clover were planted in each. After inoculation the 
cultures were removed to the greenhouse. At the end of two weeks 
greater root development was noted in the calcium-sulphate test tubes 
than in the untreated ones. In the older plants the increase in root 
development became most marked. The tops, however, failed to show 
any difference in size. In the tubes to which o.i per cent of calcium 
sulphate had been added, the plants were slightly smaller than the 
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Others. At the end of six weeks the plants were removed and the roots 
measured. There was a distinct difference in root development, as shown 
in Table VII. Plate LVI, figure i, shows very plainly the decided 
differences in root development. The results indicate that the increase 
in root development is as great with only o.oi per cent of calcium sul- 
phate added as with larger amounts. The test tubes treated with 
calcium sulphate were chosen at random from the calcium-sulphate 
series. They appear lighter because of the suspension of small particles 
of the salt in the agar. 

The results of this experiment show that calcium sulphate greatly 
increases root development. However, in concentrations as high as o.i 
per cent, growth is slightly retarded. The increase in root development 
may be of considerable importance, first, because it enables the plant to 
reach out over a greater area for nourishment, and second, because of 
the greater field, the plant will be able to withstand drought better and 
thrive on poorer soil. The increase in root development may be the cause 
of the increavse in the yield of clover when calcium sulphate is added 
to the soil. This is in confirmation of the work of Hart and Tottingham.^ 

These results are given in Table VII, which represents the average of 
lo test tubes for each concentration used. 


Tabi.E VII . — Effect of calcium sulphate on the growth of red clover 


. Treatment. 

Length of 
root. 

Length ol 
stem. 

Untreated 

Cm. 

T,. 8 

Cm. 

4* 2 

A. 10 

Given o.oi per cent of calcium sulphate 

5- I ! 
5-5 1 
5*01 1 

4.93 ! 

. 02 per cent of calcium sulphate 

4 . 7 

4 . 6 

3-3 

. 05 per cent of calcium sulphate 

. 10 per cent of calcium sulphate 



EFFECT OF SULPHUR AND CALCIUM SULPHATE UPON CLOVER GROWN 
IN VARIOUS TYPES OF SOILS 

The effect of calcium sulphate upon clover grown on Miami silt-loam 
soil was tested. For this experiment ten i -gallon jars were used. Four 
kgm. of Miami silt-loam soil and various amounts of calcium sulphate 
were added to each. The jars were kept in the greenhouse and the 
moisture content held at i8 per cent. Each jar was seeded with red 
clover and then inoculated with a pure culture of red-clover organisms. 
After two weeks the jars were thinned to lo plants. 

During the first few weeks there was no apparent difference in the size 
of the plants. At the end of seven weeks an increase in growth in jars 
3 to 8, inclusive, was noted. In jars 9 and 10, to which o.i per cent of 
calcium sulphate had been added, there was a decrease in growth. Four 


^ Haxt, E. B.. and Tottingham, W. E. Op. dt. 





Jan. X7, 19*6 Effect of SulpkuT and Calcium Sulphate on Plants 777 

representative plants were removed from each jar. The roots of the 
plants grown in the sulphate-treated soil were longer and more branched 
than those of the plants grown in the untreated soil. There was an 
apparent increase in the number of nodules grown in the sulphate-treated 
series, except in the case of plants grown on soil to which o.i per cent of 
calcium sulphate had been added. The number of nodules on the above 
plants were about the same as on the plants grown in untreated soil. It 
must be remembered that the plants grown in the soil containing o.i per 
cent of calciutn sulphate were smaller and therefore would naturally con- 
tain fewer nodules than the larger plants. Plate LVI, figure 2, illustrates 
these effects. The plants in group A were taken from the untreated soil; 
B, from the soil to which o.oi per cent of calcium sulphate had been 
added; C, from soil to which 0.02 per cent had been added; D, from soil 
to which 0.05 per cent had been added; and E, from soil to which o.t 
per cent of calcium sulphate had been added. Note the marked increase 
in root development in B, C, D, and even E, where the plants are the 
same size as those in group A; also note that group E, to which 0.1 per 
cent of calcium sulphate was added, and D, to which 0.05 per cent was 
added, show no greater growth than A, the untreated, while groups B 
and C show an increase in top as well as root. The illustration shows 
very distinctly the increase in length of root and also the decrease in the 
growth of the plant under high concentrations of calcium sulphate. It 
is apparent that the addition of 0.02 and 0.05 per cent of calcium sulphate 
gave the most beneficial results. 


Tabli? VIII — Effect of calcium sulphate on the growth of red clover in soil 


Treatment. 

Number of 
nodules. 

Averafre of 
group 

Length of 
root. 

Average of 
group. 

Untreated 

Cm, 

9 

12 

Cm. 

Cm. 

5 

8.5 

6 . 8 

Cm. 

Do 



Do 

8 

10 

7.2 

Do 

10 


7 0 


Given o.oi per cent of calcium sulphate 

Do 

29 

2 t 


8.0 
10. 0 
lo- 5 

9.0 

8.0 

0 6 

9.6 

Do 

I I 

31 

Do 

Given 0.02 per cent of calcium sulphate. . . . 
Do 

51 

34 

17 



Do 

* / 
48 
32 

45 

36 

18 

33 

V* 

12. 0 
8*5 

9.0 

6- 5 

11*3 

5 

7.0 

7 c 

9-S 

Do 



Given 0.05 per cent of calcium sulphate 

Do 



Do 

29 

9.2 

Do 

19 

13 

II 



Given 0.1 per cent of calcium sulphate 



Do 



Do 

Do 

12 

II 

14 

A* ^ 

8. 5 

75 

7.6 





17210^—16 6 
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The data in Table VIII show that calcium sulphate does increase the 
growth of the clover within a certain concentration. In amounts between 
0.02 and 0.05 per cent it appears to be most beneficial. The results 
also show that calcium sulphate increases the root development and the 
number of nodules. 

The effect of calcium sulphate on clover grown on Sparta acid sand 
was tested. Six kgm. of the sand admixed with i gm. of dipotassium 
phosphate were placed in each of ten i -gallon jars. The composition of 
the Sparta acid sand used was as follows : 

Per cent. 


Potassium i. 16 

Nitrogen 062 

Phosphorus 034 

Organic matter i. 51 


The jars were kept in the greenhouse and the moisture content held 
at 18 per cent. Each jar was seeded to red clover and then inoculated 
with a pure culture of red-clover organisms. After two weeks the jars 
were thinned to 20 plants in each. The plants grew luxuriantly, but 
there was no apparent difference in size until the sixth week. In jars 
7 and 8, to which 0.05 per cent of calcium sulphate had been added, the 
increase in growth was considerable, while in jars 9 and 10, to which 
o.i per cent of calcium sulphate had been added, there was no appre- 
ciable increase. The jars to which o.oi and 0.02 per cent of calcium 
sulphate had been added showed an increase in growth, but this increase 
was less than in jars 7 and 8. The green and dry weights of the clover 
were taken. The average weights of the clover are given in Table IX. 


Tabi.15 IX. — Effect of calcium sulphate on red clover grown in Sparta acid sand 


Treatment. 

Weight of crop. 

Green. 

Dry. 

Untreated 

Gm, 
no. 6 

131- I 

146. 7 
168. s 

145.8 

Gm, 
19*4 
2 X. 3 
21. 7 
24. 6 
17-5 

Given .01 per cent of calcium sulphate 

,02 per cent of calcium sulphate 

.05 per cent of calcium sulphate 

.10 per cent of calcium sulphate 



These results show that calcium sulphate increases the growth of 
clover grown on Sparta acid sand. The increase, however, is confined 
to certain concentrations. The greatest increase was obtained at con- 
centrations of 0.02 and 0.05 per cent. 

EFFECT OF ELEMENTAL SULPHUR ON GROWTH OF RED CLOVER 

For this experiment ten i -gallon jars, each containing 6 kgm. of 
Miami silt-loam soil, were used. Various amounts of sulphur were 
added. The jars were kept in the greenhouse and the moistuie ccmtent 
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held at 18 per cent. After four weeks these were seeded with red clover 
and inoculated with a pure culture of red-clover organisms. Two 
weeks later the number of plants was reduced to six per jar. There 
was no appreciable difference in the size of the plants until the fourth 
month. At this time those in the sulphur series showed an increase in 
growth. At the end of the fifth month this increase was more marked. 
The leaves of the plants in the jars to which 0.05 per cent of sulphur 
had been added were tinged with red at the edges. The stem also 
showed this red coloration, but to a lesser degree. At the end of the 
fifth month the tops were cut and weighed, green and dry, with the 
results shown in Table X. 


Tabl!^, X . — Effect of elemental sulphur on the growth of red clover 


Treatment. 

Weight of crop. 

Green. 

. i 

Dry. 

Untreated 

Gm* 

25-3 

32.6 

Gm. 

6. 25 
6. 90 

Given .01 per cent of sulphur 

.02 per cent of sulphur 

29. 4 

6- 7 S 

.05 per cent of sulphur . . . 

30. 8 

6.80 

.10 per cent of sulphur 

34-0 

7. 00 


The sulphur series showed a slight increase in yield. Several of the 
plants died, so that the number of plants in the various jars varied. 
The results therefore are not final. It seems safe, however, to say that 
sulphur increased slightly the yield of clover in Miami silt-loam soil. 
After the tops were cut the roots were carefully removed and washed. 
There was no apparent difference in the size or the number of nodules 
in the treated and the untreated series. All of the roots contained a 
great number of nodules. 

SUMMARY 

(1) Calcium sulphate, when added to a soil, apparently has no marked 
effect on the total number of bacteria that grow on agar plates; nor does 
it produce any marked increase in ammonification or nitrification. This 
confirms the observations of Fred and Hart.^ 

(2) Large amounts of elemental sulphur cause a decrease in the total 
number of bacteria that grow on agar plates, but produce an increase in 
ammonification at concentrations of 0.^5 per cent. This increase in 
ammonia is accompanied by a parallel decrease in nitrate formation. 
The decrease is very probably due to the acidity or toxicity produced by 
the oxidation of sulphur. 


^Fred, B. B.. tnd Hart, B. B. tlie comparative effect of phosphates and sulphates on soil bacteria. 
Wit* A<r. Bxp. Sta, Research Bui. 35. P* ^ fis* 19x5* 
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(3) Calcium sulphate stimulates the growth of pure cultures of red- 
clover bacteria in nutrient solutions and in soil extract. The increase is 
as great with o.oi per cent as with o.i per cent. 

(4) The root development of red clover is increased by calcium sulphate, 
o.oi per cent being apparently as efficient in producing this increase as 
O.I per cent. 

(5) In small amounts calcium sulphate increases the yield of red clover 
and also the number of nodules. Concentration as high as 0.05 to a per 
cent, however, produces no increase in growth. 

(6) The application of elemental sulphur to Miami silt-loam soil 
increased but slightly the yield of clover and apparently did not affect 
root development or nodule formation. In producing this slightly 
increased growth o.oi per cent was as efficient as were higher concentra- 
tions. 

(7) A review of the results of these experiments shows that calcium 
sulphate in soil does not produce any marked effect on the bacteria com- 
monly found on agar plates, but does increase the growth of the legume 
bacteria. It also increases the yield of red clover, which is accompanied 
by a greater root development and a greater number of nodules. 

(8) The addition of sulphur increases the ammonification, but decreases 
nitrification and the total number of soil organisms. It increases the 
yield of red clover but slightly and does not affect the root development 
nor the number of nodules. 




PLATE LVI 


Pig. I. — ^Red-clover plants, showing the effect of treatment with calcium sulphate. 
The plants in these test tubes ^ow the contrast in size of root between the treated 
and untreated tubes. The treated tubes were selected from various concentrations. 
Beginning at the left, tubes i, 3, 5, 7, and 9 are tmtreated; tubes 2, 4, 6, B, and 20 
are of. the calcium-sulphata ^ries. Note the decided increase in length of root of the 
plants in the treated tubes as compared with those in the untreated. 

Fig. 2. — Group A, tmtreated; B, o.i per cent of calcium sulphate added to Miami 
silt-loam soil; C, 0.02 per cent added; D, 0.05 per cent added; E, 0.1 per cent added. 
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A SERIOUS DISEASE IN FOREST NURSERIES CAUSED 
BY PERIDERMIUM FILAMENTOSUM 

By Jakbs R. Wsnt. Forest Pathologist, and Ernbst E. Hubert, Scierstific Assistant, 
InvesUgatioru in Forest Pathology, Bureau cf Plant Industry 

In June, 1914, several seedlings of Pinus ponderosa Laws., with the 
stems severely infected with a disease caused by a species of Peridermium, 
were received from the Savenac nursery of the United States Forest 
Service, at Haugan, Mont. The seedlings were taken from the field- 
planting area located near the nursery. They had remained one year in 
the seed beds, one year in the transplant beds, and two years in the field. 
It seemed likely that the seedlings became infected while in the nursery, 
since the few yellow pines in the near vicinity of the area were free from 
the fungus. 

On July 2, 1914, CastiUeja miniala Dougl., growing in abundance on 
the nursery site, was found bearing the fungus Cronariium coleosporioides 
(D. and H.) Arthur. * No other species of Cronartium was found. 
Evidence of the sedal stage on left-over yellow-pine seedlings in the 
transplant beds brought the two stages in such dose proximity it seemed 
certain that the fungus on the pine seedlings could be no other than 
Peridermium filamentosum Peck. Since the Savenac nursery has an 
annual output of 1,600,000 yellow-pine seedlings, it was evident that 
measures should be employed immediatdy to prevent the spread of the 
disease. 

On May i, 1915, all of the 2-year-old yellow-pine seedling beds were 
found to ^ infected with the fungus. The seedlings were being prepared 
for shipment to the planting areas in the forests, and a thorough inspec- 
tion was made of all the bundled stock. All visibly infected seedlings 
were removed and burned. The seedlings remaining in the beds were 
examined, and the infected ones similarly destroyed. Mote than 4 per 
cent of the plants gave outward evidence of being attached. Of the 

10,000 seedlings inspected 432 were removed and burned. Control 

- - 

> HdarnSn, S. P« Notes on Cnmortium ooleosporioides ArUmr and Ctonartiiim filamantosum- In 
Ptkytopatholoiy, r, s, no. 3, p. 167*168. 1913* 
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methods were devised and recommended, and, as the bundling of seed- 
Kngs progressed, all visibly infected trees were removed and burned. A 
sharp watch was kept on the beds to remove new infections as they 
developed. 

Most of the infections were found along the north and east borders of 
the seedling beds. A large patch of Castilleja miniaia was growing on 
the edge of a lodgepole pine (Pinus mtirrayana ‘‘Oreg. Com.”) stand 
near the creek bank directly northeast of the infected seedling beds and 
not more than 200 feet distant. The records of the weather station located 
on the grounds show that the prevailing winds blow both northeast and 
southwest, which is an important factor in spore distribution between the 
two hosts. Thus, these winds sweep northeast over the patch of Castilleja 
miniaia from the 2-year-old yellow-pine seedlings and in reversing blow 
from the former to the latter. In this manner the aeciospores from the 
infected yellow pine are distributed to the castilleja plants and the 
sporidia borne on the castilleja leaves are transmitted to the young trees 
in the beds. On May 13, 1915, this fungus infection was found to be of 
serious importance on the yellow pine. 

From fresh specimens of the blister rust brought in to the greenhouse 
at Missoula, Mont., two plants of Castilleja miniaia were inoculated on 
May 3, 1915. These were covered with oiled-paper bags and labeled. 
Six control plants of the same species were potted and bagged and 
kept in a separate part of the greenhouse. On May 23 uredospores 
developed on the underside of the leaves of the two inoculated plants, 
while the control plants remained normal. Tater the teliospores de- 
veloped, sporidia being produced on May 29. Duplicate experiments 
were conducted at the field camp at Priest River, Idaho. iEciospores 
from the infected yellow-pine seedlings were sown on Castilleja miniaia on 
May 14, and they gave positive results on June ii. The characteristic 
filamentous structure of the aecia on the pine seedlings and these transfers 
of the fungus to castilleja prove the fungus to be Peridermium filamen- 
tosum Peck. 

On May 13, 1915, the native lodgepole pine surrounding the nursery 
was found to be infected witt a trunk, a branch, and a needle form of 
Peridermium. The structure of the aecia of these forms indicated that 
the trunk and the branch forms were identical. The trunk form (known 
locally as the “hip canker” of the lodgepole pine) and the branch-gall 
form in the Rocky Mountain region have been commonly united under 
the name ‘ ‘ Peridermium harknessii Moore. ' * ^ Later they were transferred 
to Peridermium cerebrum Peck by Arthur and Kem.^ 

The following inoculat;ions, made recently at Missoula, Mont., by the 
writers, prove that the “hip canker” and the gall-forming Peridermium 
of the lodgepole pine are both Peridermium filamentosum. 

* Harlmess. H. W. New species of California fungi. Jn Bui. Cal. Acad. Sci., v. x. no. z, p, j7. 1884. 
^Arthur. J. C., and Kem, F. D. North American species of Peridermium on pine. Jn Mycolagia. v. 6 , 
M 3 » P> 19x4. 
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On May 17, 1915, aeciospores from the ''hip canker'’ of Pinus contorta 
from Haugan, Mont., w.ere sown on two plants of CastUleja miniaia under 
control conditions in the greenhouse at Missoula. On June 3 uredospores 
were present on the leaves. The teliospores appeared June 14. The two 
control plants remained healthy. The Cronartium was identical with 
that previously produced by the inoculations on Casiilleja miniaia with 
aeciospores from the Peridermium on the 2-year-old seedlings of Pinus 
ponderosa. This demonstrates the identity of the "hip canker" Peri- 
dermium with Peridermium filamentosum. 

The following cultural data show that the gall-forming Peridermium 
of the lodgepole pine is likewise identical with Peridermium filamentosum. 
On May 25, 1915, aeciospores from the gall-forming Peridermium on 
branches of lodgepole pine were sown by the writers on three plants of 
Casiilleja miniaia under control conditions in the greenhouse. By June 
II, 1915, uredospores had developed on the leaves, telia and sporidia 
being produced 10 days later. The two control plants remained healthy. 

Check experiments carried on at the field camp at Priest River, Idaho, 
gave similar positive results. Six plants of Casiilleja miniaia were 
inoculated and gave positive results. All three control plants remained 
healthy. 

Cultures, under control, made both in the greenhouse and in the field, 
on Casiilleja miniaia with aeciospores taken from the blister rust on the 
lodgepole pine commonly known as Peridermium stalactiforme A. and K., 
have produced Cronartium coleosporioides (D. and H.) Arthur. Two 
plants of Casiilleja miniaia were inoculated and two control plants set 
aside. Both inoculated and control plants were covered with oiled- 
paper bags. The' inoculated plants gave positive results and the con- 
trols remained healthy. This confirms the results of Meinecke ' and the 
conclusions of Arthur and Kern ^ and places Peridermium stalactiforme 
without further doubt under Peridermium filamentosum. 

The absence of oaks {Qucrcus spp.), the alternate hosts of Peridermium 
harknessii ® and Peridermium cerebrum , from this region where the species 
of Peridermium on the lodgepole pine is so prolific, the characteristic fila- 
mentous processes in the aecia of the various forms of Peridermium appear- 
ing on the lodgepole pine, and the inoculation experiments successfully 
conducted on Casiilleja miniaia, all exclude the possibility of this fungus 
being other than Peridermium filamentosum. 

The yellow-pine seedlings in the nursery were free from traumatic 
injuries. This is explained by the fact that they had remained in the 
same bed since germination and thus were not exposed to the injury from 
transplanting. All seedlings showing slight corrugations or blisterings 
of the lower stems gave no evidence of mechanical injury, but they 

iMdmxlce.B. P. Op. dt. 

* Arthur. J. C.. and Kcm. F. D. Op. dt. 

* Hedffcock, O. O. Notes on «ome western UredixUae which attack forest trees. 11. /» Phytopathology, 

▼. g, no. X, p. 19 x 3 . 
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developed the bright orange eruptions of the rust later. It is safe to 
draw the conclusion that the spore tubes which produce the infections 
in the seedlings penetrate the host in the absence of all surface openings 
due to the mechanical injuries. The period of development between the 
time of penetration of the host and the appearance of the aecial eruptions 
on the stems is about 10 to 1 1 months. The seedlings in question were 
produced from seed sown in the spring of 1913, and the spring of 1914 
some of the seedlings produced the aecial eruptions. The seedlings must 
have been infected in the period following germination and have developed 
the fruiting stage in the spring of the following year. The infecting 
spores could have been either sporidia from the species of Cronartium on 
CastiUeja miniata or possibly aeciospores from the surrounding lodgepole 
pines infected with Peridermium fUamentosum. Facultative autoecism in 
Peridetmium fUamentosum is as yet not proved, but it is suspected of 
being a ** repeater.*' 

During the period from May 29 to June 2, 1915, Mr. E. C. Rogers, of 
the Forest Service nursery at Haugan, Mont., assisted in the work of 
visiting and inspecting the various plantation areas near Wallace, Idaho, 
on the Coeur d'Alene National Forest, and those in the vicinity of Savenac 
nursery and Deborgia, Mont., on the Lolo National Forest. In all an 
area of approximately 500 acres was covered. The inspection was con- 
fined principally to the yellow-pine plots, with particular attention to 
the plants taken from the infected 2-year-old yellow-pine beds at Savenac 
nursery. Very few infections caused by species of Peridermium were 
recorded, some of the areas being entirely free from visible signs of the 
rust, although it may be present and not appear until the following year 
or later. In the case of the “2-year-old yellow pine, unfertilized" plot, 
which was planted in the spring of 1915, the few infections observed 
were found to be covered by the moist earth because of deep planting 
and thus were rendered practically incapable of spreading. Two of these 
infections were molded and the spores were no longer viable. The 
Placer Creek area near Wallace, Idaho, is a clean-bum site, the fires of 
1910 having destroyed all living timber. No living pines or castilleja 
plants are to be found growing within a considerable distance of this 
area. CastiUeja miniata and Pinus contorta are plentiful in the area 
containing 4-year-old yellow-pine seedlings located on the ridge west of 
the Savenac nursery. Very little visible infection was found on this 
plot. These facts prove the effectiveness of the inspection work in 
checking the spread of the disease and the necessity for culling out and 
burning the infected seedlings as soon as the emptions make their 
appearance. 1 

On June i, 1915, a survey was made of the area surrounding the nur- 
sery beds for a distance of half a mile. Fifty per cent of the lodgepoie- 
pine stand in close proximity to the beds was badly infected with Peri- 
4 erwi^ fUamentosum. A group of 61 trees, having diameters (breast 
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high) of 5 inches and over and growing within 100 feet of the nursery 
beds, was found to be very seriously infected. Of the 61 trees, 26 had 
large cankers encircling the trunks varying in length from 2 to 8 feet. 
The branches and twigs were infected. Peridermium monianum was also 
present on the needles. CasiUleja miniaia was found growing in abun- 
dance under the trees. Lodgepole-pine seedlings in and near this area 
were, with rare exceptions, heavily infected with the twig and stem and 
the needle forms of Peridermium. Very little native yellow pine was 
found growing in the vicinity, most of the trees having been killed by 
the fires of 1910. A few veteran trees remain growing upon the ridge 
west of the nursery, but these show no evidence of fresh eruptions of 
Peridermium. These facts point to the lodgepole pine as the original 
distributor of infection to the yellow-pine seedling beds in the nursery. 

Experiments are being conducted in an effort to control the disease. 
The seedlings in the nursery beds are being spray^ during the infec- 
tion period. An effort is being made to eradicate the alternate host 
from the vicinity by mechanical or chemical means. The felling and 
burning of trees near by infected with Peridermium will reduce the chances 
of infection. The possibility of the fungus possessing facultative auto- 
ecism, the close proximity and abundance of the alternate host, and the 
prolific development of the same fungus upon lodgepole pine in the 
vicinity of the seedling beds all make Peridermium filamentosum a 
dangerous enemy to deal with in this nursery and one to be reckoned 
with in other forest nurseries where similar conditions exist. 

SUMMARY 

Peridermium fUamentosum Peck has been found to cause a serious 
disease of yellow-pine seedlings at the Savenac nursery located at Haugan, 
Mont. 

The various forms of Peridermium occurring on lodge|X)le pine at 
this nursery, with the exception of the foliicolous species, have been 
demonstrated to be Peridermium fUamentosum, having an alternate 
stage on species of Castilleja. 

The fact that the same species of Peridermium attacks both the lodge- 
pole pine and the yellow pine increases the difficulty of control of this 
fungus. 

The proximity and abundance of the alternate host {CastiUeja miniaia) 
of Peridermium fUamentosum and its prolific development on lodgepole 
pine in the vicinity of the seedling beds tend to make this disease a 
dangerous one in forest nurseries. 





SWEET-POTATO SCURF 

By L. L. Hartbr, 

Pathologist, Office of Cotton and Truck Disease Investigations, 

Bureau of Plant Industry 

INTRODUCTION 

The scurf disease of the sweet potato (Ipomoea batatas) was first 
described by Halsted/ who published a brief account of it in 1890. To 
the fungus he gave the name Momlochaetes infuscans, a new genus and 
species, of which, unfortunately, he gave no technical description. 
For many years following his pioneer work little or no attention was 
given to sweet-potato diseases. This very common and interesting dis- 
ease was therefore passed over until a few years ago, when the writer 
and others took up a study of them. For almost five years the disease 
has been under observation and study. It is therefore for the purpose of 
completing the description of the organism and recording the results of 
inoculation experiments and certain characteristics of the fungus here- 
tofore unpublished that this paper is prepared. 

GENERAL APPEARANCE OF THE DISEASE 

Scurf is characterized by a brown discoloration of the surface of the 
underground parts of the sweet potato (PI. LVII). The discolored areas 
may occur as spots of varying size and shape, with no definite outline, or 
as a uniform nisting of the entire surface. In gross appearance it re- 
minds one somewhat of the silver scurf of the Irish potato, although it is 
somewhat darker. However, it does not penetrate the host to the 
extent that silver scurf does. The scurf of the sweet potato produces 
no rupture of the epidermis and is so superficial as to be easily scraped 
off by the finger nail, 

DISTRIBUTION, PREVALENCE, AND LOSS 

The writer has found the scurf very prevalent on sweet potatoes in 
New Jersey, Delaware, Maryland, Virginia, North Carolina, Ohio, Illinois, 
Iowa, and Kansas, and to a slight extent in other States. The following 
varieties are susceptible to scurf in varying degrees: Eclipse Sugar Yam, 
General Grant Vineless, Florida, Nancy Hall, Yellow Yam, Miles Yam, 
Red Brazilian, Dahomey, Yellow Strasburg, Pierson, Key West Yam, 
Vineless Yam, Southern Queen, Big Stem Jersey, Yellow Jersey, and 
Early Carolina, It is probable that the disease occurs on other varieties 
as well. 


1 Halsted, B. D. Some fungous diseases of the sweet potato. N. J. Agr. Exp. Sta. Bui. 76, p. as-a?. 
fig. X7. 1890. 
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Scurf is more prevalent in heavy, black soils and in soils that have 
been heavily manured or contain a larger amount of organic matter than 
in light, sandy soils. 

The loss to the crop caused by the scurf is perhaps small in comparison 
with that caused by some of the more virulent diseases. Nevertheless, 
the actual financial loss throughout the country that can be attributed 
to this disease alone amounts to considerable. Scurfy potatoes do not 
command as high a price in the markets as dean ones, though if otherwise 
sound they are just as good for consumption. The fungus under favorable 
conditions, such as a rdatively high humidity and temperature, continues 
to devdop under storage conditions to a limited degree. It weakens the 
host, so that during periods when the storage house is rather dry the 
potato loses moisture and becomes shriveled and dried, rendering it unfit 
for sale and at the same time less resistant to the attacks of other para- 
sites. Taubenhaus^ daims that the fungus on the potato is easily killed 
by imm ersing for lo minutes in a solution of mercuric chlorid (i : i,ooo). 

ISOLATION OF THE FUNGUS 

Some difficulty was experienced at first in isolating the fungus, since it 
proved to be a very slow grower and developed but little or not at all on 
some kinds of media. After some experimentation with different media 
it was found to make a slow growth in Irish-potato, string-bean, and 
oatmeal agar. By thoroughly washing the potato and disinfecting for 
about one minute in a solution of mercuric chlorid ( i : i ,000) and planting 
bits of the tissue in plates of oatmeal agar by means of sterile instruments 
a pure culture could generally be secured. In a week or 10 days transfers 
were made to media in test tubes, usually cooked rice in water or sterile, 
moistened com meal. At the end of three or four weeks on these media 
a matted growth of dark-brown hyphae developed. Hyaline spores are 
produced in abundance on long, stout conidiophores in tubes of cooked 
rice. 

INOCULATION EXPERIMENTS 

Inoculation experiments were begun on October 13, 1914, and performed 
as follows: Sound potatoes were thoroughly washed in water and placed 
in moist chambers with moistened filter paper in the bottom. They were 
then sprayed with a suspension of spores and bits of broken hyphae of the 
scurf fungus in sterile water and exposed to laboratory room conditions. 
Water was added from time to time, as necessity required, to maintain 
the humidity of the moist chamber. At the end of two weeks small 
centers of infection appeared indiscriminately over the surface of the 
poUtoes. These centers gradually enlarged, either by the merging of two 
or more spots or by the enlargement from a single center. There is un- 
doubtedly considerable enlarging of the spots in moist chambers from 

^Taubenhfttis, J. J. Soil ftasn and pox. two little known diwaset of tlie sweet potato. (Alistract.) Im 

Phyto p idilMD l ogy. ▼. 4. no. 6, p. 405. 10x4. 
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centers of infection, in view of the fact that conidiophores often 200/11 in 
length stand erect or at an angle on the surface of the potato and drop 
their spores, starting new infections outside the point of original growth. 
The spots, however, so far as the writer has been able to determine, do not 
enlarge by the branching and creeping of the hyphae over the surface. 
Repeated inoculation experiments gave similar results. The checks 
remained free from the disease. 

DESCRIPTION OF THE FUNGUS 

The young vegetative growth of Monilochaeies infuscans is hyaline 
and septate. At the end of a few days, however, with the exception of 
the terminal cell of the conidiophore, the hyphae turn densely brown. 
On the host little or no branching of the vegetative growth takes place. 
Although Halsted figured a branching of the hyphae which was hyaline 
in color within the tissues of the host, the writer, after long and detailed 
examination of paraffine sections and sections prepared in other ways, 
has not been able to find a sure example. The sporophores, for such 
they appear to be, arise from the surface of the host and are attached to 
it by an enlarged end cell slightly buried in the cuticle (PI. LVIII, 
E, C, D). Occasionally a second (PI. LVIII, /) or third (PI. LVIII, J) 
enlargement or bulblike growth is found deeper in the host or parallel 
with the surface (PI. LVIII, G), From some of these secondary enlarge- 
ments a conidiophore may be developed (PI. LVIII, F, //). Plate LVIII, 
E, C, shows conidiophores bearing conidia produced on the host. The 
brown septate conidiophores vary in length from 40 to 175M and bear at 
the end a single-celled spore, which on the host is slightly brown or 
hyaline. The conidia are 12 to 20M in length by 4 to 7 m in thickness. 

This fungus, as might be expected, behaves differently when grown 
artificially. Growth has been carefully observed on a few of the com- 
mon media — namely, Irish-potato agar, beef agar, rice agar, oatmeal 
agar, string-bean agar, Irish-potato cylinders, sweet-potato stems, and 
stems of MelUotus alba. At the end of 24 days a very slight growth 
appeared on string-bean agar, rice agar, and oatmeal agar at a tempera- 
ture varying from 6® to 7° C. Conidia were very sparingly produced. 
At room temperature (23® to 26®) growth was visible on all media in 4 
days, except on rice agar and the stems of sweet potatoes and MelUotus 
alba. In 13 days a small growth appeared on rice agar, but on stems of 
sweet potatoes and sweet clover no growth was detected at the end of 
4 weeks. There is very little difference in the gross appearance of the 
growth on any of the media used. Enlargement from a single center is 
very slow, attaining a diameter of about 2 to 5 mm. in 14 deLys, The 
fungus piles up in an almost black feltlike mass 2 to 3 mm. in height, 
with an entire margin. It penetrates the medium but little. The vege- 
tative hyphss in mass are almost charcoal-black, although in gross appear- 
ance there is some variation on different culture media. On Irish- 
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potato cylinders and Irish-potato agar the growth has a darker appear* 
ance than on oatmeal agar, beef agar, and string-bean agar, owing to the 
fact that the numerous erect conidiophores bearing hyaline spores are 
produced in greater abundance on the three latter media and give a 
gra3n[sh appearance to the upper surface. If the conidiophores and 
spores be scraped away, the mass is black beneath. Growth appeared 
only on oatmeal agar at temperatures varying from 30° to 32® in 14 
da3^. From these results it appears that temperatures as low as 6® to 
7® and as high as 30® to 32® prohibit the normal growth of the fungus. 

The vegetative growth on artificial cultures is hyaline at first and later 
brown (PI. LVIII, L), with the exception of the end cell of the conidio- 
phore, which at its outer extremity is hyaline to slightly brown (PL 
TVIII, Ay By L). The conidiophores are branched, septate (PI. LVIII, 
Ay L)y and vary in length from 30 to 225/i. The conidia are continuous, 
granular, and hyaline to slightly brown with age (PI. lyVIII, M). As 
soon as one conidium is mature, it separates easily from the conidiophore 
and another begins growth by a swelling of the end cell of the conidio- 
phore, to be dropped in turn when mature. This process is repeated as 
long as the environment of the host will permit. It should be noted in 
this connection also that this fungus can be reproduced by hyphae as well 
as from the spores. It is likely also that vegetative reproduction ac- 
counts for a larger part of the infections under natural conditions. In 
fact, certain vegetative parts might be confused with or mistaken for 
conidia. Although conidia are not produced in abundance on the host, 
they frequently develop normally on diseased potatoes kept for some 
days in a moist chamber. 

The conidia under laboratory conditions germinate slowly in rice or 
sweet-potato decoction. One or two growths (PI. LVIII, K) are thrown 
out usually at the end of the conidia, which attain in 24 hours a length 
about equal to that of the spore. The branching of the hyphae begins 
the second day (PI. LVIII, N)y and the production of the brown pigment 
in about three days. 

TAXONOMY OF THE FUNGUS 

Halstead attributed the scurf to a new genus and species, MonUochaeies 
infuscansy but he gave no technical description of it that the writer has 
been able to find. The fungus belongs to the Dematiaceae of the Hypho- 
mycetes. However, the writer has been unable, after considerable 
study of the fungus, to fit it into any of the genera so far described. It 
is, however, desirable, in view of the fact that it is a rather common 
and conspicuous fungus, that it have a description by which it may be 
recognized. The fungus has been known as MonUochaeies infuscans 
and as the cause of the sweet-potato scurf for 25 years. Taubenhaus and 
Manns ^ in a recent publication likewise refer to MonUochaeies infuscans 

A Toabenliaits, J. J.. «ad Manas, T. F. The diseases of the sweet potato and their oontrot. Pel . A|T« 
Anp. Sta. Bui. 109, p. xx. 19x5. 
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as the cause of the disease. In view of these facts, it is believed prefer- 
able to give it a description and permit it to maintain generic rank rather 
than to place it in a genus where it does not naturally belong.^ 

HONmOCHABTES 

Hyphse dark, erect, rigid, septate, not in definite fascicles; conidia distinctly differ- 
ent from the sporophores and hyphse, hyaline, slightly brown with age, continuous, 
not in chains, acrogenotis. 

Moniiochaetes infuscans 

On the host definite vegetative hyphae are lacking; sporophores septate, erect, un- 
branched, dark, and attached to the host singly or by twos, by a bulblike enlarge- 
ment 40 to 175M long, 4 to 6/i wide, bearing rarely a hyaline one-celled oblong spore. 
In cooked rice the hyphae are much branched, septate, brown; sporophores brown ex- 
cept at terminal cell, which is frequently hyaline to slightly brown, septate, branched, 
stout, 30 to 225 by 4 to 6 m; conidia abundant, one-celled, hyaline, ovoid to oblong, 
12 to 20 by 4 to 7M, solitary, terminal. 

Parasitic on the tmderground parts of Ipomoea batatas. Type specimens deposited 
in the pathological collection of the herbarium of the United States Department of 
Agriculture, Washington, D. C. 

SUMMARY 

The scurf disease of the sweet potato was first recognized in 1890 by 
Halsted, who named the fungus Moniiochaetes infuscans,** a new genus 
and species. He failed, however, to describe either the genus or species. 
The scurf has been found prevalent in nine States and sparingly in others, 
and on 16 varieties of sweet potatoes. The organism has been shown by 
inoculation experiments to be the true cause of the disease. A detailed 
discussion of the morphology of the organism is taken up, also its growth 
on different culture media at different temperatures. It was found that 
the organism on the host consisted merely of sporophores and conidia. 
In culture, however, well-defined branched mycelia and spores developed. 


1 The writer is indebted to Dr. C. I,. Shear and Mrs. Flora W. Patterson, of the Bureau of Plant Industry, 
for having examined spectmcns of this fungus. 




PLATE LVII 

A sweet potato showing the discoloration produced by Monilochaetet it^uscam. 
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PLATE LVIII 
Monilochaetes infuscans: 

A, a branched conidiophore with conidia attached. B, an imbranched conidio- 
phore, showing septation; conidinm attached. C, a conidiophore from host, with 
coniditim attached. D, a conidiophore from the host, lowing the peculiar basal 
cell and septation. E, a conidiophore bearing conidium, showing diagrammatically 
the attachment to the host by a bulblike enlargement of the basal cell. F, two 
conidiophores joined at the base and slightly sunken in the tissue of the host. G, 
two conidiophores joined by a single oblong cell. H, two conidiophores joined at 
the base and slightly simken in the tissue of the host. /, a conidiophore from the host 
with an almost spherical cell attached to the enlarged end cell. /, a conidiophore, 
showing an attactoent of two almost round cells to the enlarged basal cell . F, germi< 
nation and growth of conidia in a sweet-potato decoction in 24 hours. L, hyphse 
from a culture, showing characteristic branching and septation. M, a group of mature 
conidia. N, germination, growth, branching, and septation of the fungus at the end 
of 4a hours in a sweet-potato decoction. 

E is drawn to a scale of aoo; all others to a scale of 500. 




BANANA AS A HOST FRUIT OF THE MEDITERRANEAN 

FRUIT FLY 

By B. A. Back, Entomological Assistant, and C. E. Pemberton, Scientific Assistant, 
Mediterranean Fruit-Fly Investigations, Bureau of Entomology 

INTRODUCTION 

The banana export trade of the Hawaiian Islands amounted to 256,319 
bunches of Chinese bananas (Musa cavendishii) during the year ending 
June 30, 1915. Although 25,448 bunches were shipped during June, 
1915, the monthly average for the year was 19,621. With such a trade 
with the California coast established, it became imperative to determine 
to what extent bananas are infested by the Mediterranean fruit fly 
(Ceraiiiis capitaia Wied.), in order that data might be placed on file for 
the guidance of the Federal Horticultural Board in forming its quaran- 
tine regulations for the protection of mainland fruit interests. While it 
has been proved that bananas may serve as host fruits of this fruit fly 
when ripe, all data happily corroborate the general belief among shippers 
and growers, as well as among entomologists familiar with the situation, 
that Chinese bananas and Jamaica or Bluefield bananas (Musa spp.), 
when cut and shipped under commercial conditions, are immune to 
attack and offer no danger as carriers of this pest if properly inspected 
and certified as provided for by the regulations of the Federal Horti- 
cultural Board (8).^ These regulations, it may be stated, provide for 
inspection in the packing sheds for the presence of prematurely ripe, 
bruised, cracked, and decayed fruits; require the use of safe packing 
material; and prohibit the shipment of bananas from plantations the 
surroundings of which have not been favorably passed upon from a fruit- 
fly standpoint by a representative of the Board. 

EVIDENCE FROM TRAPS AS TO THE PRESENCE OF ADULT FRUIT FLIES 
IN BANANA PLANTATIONS 

The establishment of a series of traps among banana plants has shown 
that adult fruit flies are everywhere present in banana plantations in 
Hawaii. Traps were placed in the Moanalua, Moiliili, Waikiki, Mokuleia, 
Kawaihapai, and Puuiki plantations. As many as 793 adult flies were 
taken in one trap suspended from a bunch of bananas in a field at 
Moanalua between July 28 and August 7, 1913. Traps hung in the 
much larger and exceptionally well isolated banana fields of Puuiki, 
Kawaihapai, and Mokuleia in the Waialua district of Oahu showed a 

* Numbers in parentheses refer to *Xiteraturc cited,” p. 803, 
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far smaller number of adults, yet a sufficient number to infest bananas 
were they readily subject to infestation. In this district 57 traps caught 
no ffies between August 9 and 21, 1913, while the average for the same 
period for 119 traps in which ffies were caught amounted to 7.5 adults. 
Flies were taken in all traps hung at Moanalua, Waikiki, and Moiliili, 
although some of the traps were hung in the center of the largest 
blocks of trees. At Moanalua as few as 22 and as many as 3,334 adult 
ffies were taken from individual traps between July 15 and August 
29, 1913, while at Waikiki and Moiliili as few as i and as many as 402 
adults were taken between June 17 and July 8, 1913. Thirty-six was 
the largest number of ffies taken from any trap at Waialua between 
August 9 and 21, 1913. Although only males were caught in the traps, 
adults caught in the hand net showed the sexes to be present in the usual 
proportion among the banana plants. These data determine at once 
the fact that the general immunity of bananas is not due to any lack 
among banana plants of adult fruit flies capable of ovipositing. 

ABSENCE OF INFESTATION AMONG RIPE AND GREEN BANANAS, AS 

EVIDENCED BY FIELD INSPECTIONS AND LABORATORY REARINGS 

During the period of somewhat over three years that the Federal 
Government has had supervision of the inspection of export bananas in 
the Hawaiian Islands (from August, I9r2, to the present time) the writ- 
ers have seen no case of infestation among ripe or green bananas grown 
under normal field conditions, and neither have the banana inspectors. 
Frequently individual fruits on a bunch of bananas will ripen in advance 
of the other fruits. When the bunches are cut, these prematurely ripe 
fruits, which often in addition have the peel split so as to expose the 
pulp, are removed before shipment and discarded at the packing sheds. 
If any bananas are subject to infestation, it would seem that these fruits 
are most likely to be; yet 1,044 prematurely ripened fruits brought to 
the laboratory during 1913 and 1914 and placed in rearing jars yielded 
no adult ffies, although they came from fields known to harbor adult ffies. 
During August, 1914, when large numbers of ffies were maturing from 
peaches in a garden in Manoa Valley, fully ripe Chinese bananas, and a 
variety known to the Hawaiians as the apple-banana (Musa sp.), growing 
in the midst of other species of infested fruits, showed no infestation. 
Thirty-nine fully ripe apple-bananas grown near the insectary from which 
ffies were continually emerging showed no infestation. An examination 
of 27,000 fruits of the Chinese banana ready for shipment at several banana 
fidds at Moanalua during early July, 1913, when records showed the adult 
ffies to be very abundant, failed to reveal a single distinct egg puncture. 
Even suspicious abraaons were investigated and found not to extend 
through the skin nor to contain fruit-fly e^. An examination of 3,500 
dmilar fruits at Kalauao during July, 1913, also gave native results. 
No fruit flies have been reared from about 1,000 green Chinese bananas 
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discarded at time of shipment at the packing sheds because of split peel- 
ings or black decayed ends. Fifty fruits of the Hawaiian variety, known 
as the “ice-cream'* banana {Musa sp.), cut from the tree as they were 
turning color, showed no infestation, though growing in the midst of 
other species of infested fruits. No infestation was found among 500 
overripe fruits of the Manila Hemp banana {Musa textilis) growing near 
the comer of King and Punabon Streets, Honolulu, nor among 60 fruits 
of the Borabora banana {Musa fehi), known to the Hawaiians as the 
Polapola banana, in a ripe though not soft condition, growing in a moim- 
tainous ravine at the head of Manoa Valley, Oahu. 

There are no records of infestation of the Chinese and Bluefield bananas 
grown under commercial conditions in the Hawaiian Islands, or develop- 
ing and ripening in city lots. 

INFESTATION OF POPOULU AND MOA VARIETIES 

The only case of infestation among bananas growing in the field was 
brought to the attention of Mr. David Haughs, of the Territorial Board of 
Agriculture and Forestry, on October 17, 1913. The infested fruits were 
of the Popoulu and Moa varieties (2) of the Popoulu group {Musa spp.) 
of cooking bananas. These are short, thick bananas, with compara- 
tively thin skins. They are never eaten raw and, unlike the Chinese or 
Bluefield bananas, are rarely, if ever, shipped from the islands. They 
are very scarce and are strikingly distinct both from the ordinary cooking 
banana and from the banana of commerce. 

Of the 1 1 fruits on the bunch of Popoulu bananas when the examina- 
tion was made 7 were still green, though on the point of turning yellow, 
and 4 had turned yellow. There were in the peel no splits nor mechanical 
injuries and there was every evidence that the punctures found in three 
of the four ripe fruits had been made while the bunch was still on the 
tree. Mr. J. C. Bridwell, of the Hawaiian Board of Agriculture, had 
charge of the rearing, but kept no definite record of the number of adult 
flies reared from infested fruits. That larvae matured and emerged from 
one fruit at least is evidenced by the numerous emergence holes in the 
peel (PI. LIX, fig. i). 

The Moa variety was growing in the same garden with the Popoulu 
banana. The fruits of this variety are much larger and the peel thicker. 
Of 9 fmits taken from the single bunch found, 5 were perfect, but the 
peel of the 4 other fruits was so cracked that the pulp was well exposed; 
all were green in color but mature and about to turn yellow. Mr. Brid- 
well’s notes, which have been placed at the writers’ disposal through the 
courtesy of the Territorial authorities, state that of 12 distinct attempts 
at oviposition made in the peel of the 4 sound fruits, only one puncture 
was sufficiently deep to contain eggs, but no eggs were deposited. Only 
one of the 4 cracked fruits developed larvae, and the eggs from which 
17211®— 16 2 
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these hatched were laid directly into the pulp along the crack in the peel. 
Of the punctures found in the peel of the cracked fruits, only one con- 
tained eggs, and these were dead and shriveled. Mr. Bridwell kept no 
definite record of the number of adult flies reared, but it was large. He 
estimates that from the Popoulu and the Moa fruits he reared about 350 
adults. The thoroughness with which the larvae destroyed the pulp of 
the Moa banana is shown in Plate LIX, figure 2. 

Special attention should be called to the fact that infestation of the 
pulp in these two varieties occurred only in the fully ripe and yellow 
fruits of the Popoulu variety, which has a very thin skin, and in the fruits 
of the Moa variety, the peel of which was cracked, thus removing from 
the exposed pulp beneath the natural barrier to infestation referred to 
below. The ordinary cooking bananas, such as are in general use in the 
islands, are quite unlike the Popoulu and Moa varieties in shape. 

EXPERIMENTS TO FORCE INFESTATION 

While infestation of Hawaiian bananas has never been known to occur 
among fruits grown and harvested in accordance with trade requirements 
and prepared for shipment in accordance with the regulations of the 
Federal Horticultural Board, experiments have been carried on under 
more or less artificial and abnormal conditions for the purpose of deter- 
mining whether the general immunity of commercially grown bananas 
in Hawaii is due to the presence of other host fruits for which the fruit 
fly has a greater preference or to some characteristic which renders them 
actually immune. .Such experiments have been completed both in the 
field and in the laboratory, 

EXPERIMENTS IN THE FIELD 

As the writers have found that in the field they can bring about an 
infestation of ripe bananas, or in the laboratory of green but welbgrown 
bananas that have been cut from the tree so long that the protecting sap 
has ceased to flow to any extent, their field experiments have been con- 
fined mainly to forcing, if possible, an infestation of bananas still attached 
to the tree yet sufficiently mature for the export trade. 

During March, 1913, a rearing cage, 9 by 1 5 by 24 feet, was built over 20 
Chinese banana trees bearing 14 bunches of bananas. Into this cheese- 
cloth-covered cage (PI. LXII, fig. i, 2) were introduced from time to time 
a total of over 3,000 Mediterranean fruit flies. The foliage within the 
cage was sprayed every few days with a solution of pineapple juice and 
water, as there was nothing else upon which the fruit flies could feed. 
As the fruits on the various bunches ripened, they were cut and placed in 
rearing jars in the insectary. The 14 bunches represented approximately 
1,000 fruits, which ripened over a period extending from the middle of 
March to June 28. No adult flies developed from any of this fruit. 

In order more closely to confine gravid females with bananas ripe 
Mniiorh for Rhioment. a fine wire cvlinder. 20 inches in diameter and 
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30 inches long, closed at each end by cheesecloth, was placed over the 
entire bunch. From 200 to 500 fruit flies were introduced through the 
lower opening and allowed to remain with the fruit from 24 to 48 hours. 
The cage was then removed, the bunch cut, and the individual fruits 
examined for evidences of oviposition. Out of a total of 1,449 fruits 
thus carefully examined, 1,363 showed no evidence of attempted ovi- 
position, while 86 bore puncture marks. In the peel of these 86 fruits 
the females had made 169 breaks in attempts to oviposit. Only two 
punctures were sufficiently deep to permit oviposition, and of these only 
one contained a single egg. This egg was deposited between August 21 
and August 23, 1913, and by August 27, when the examination was 
made, fully two days after the egg should have hatched under normal 
conditions, it was found dead and blackened. None of the other attempts 
at oviposition extended for more than one thirty-second of an inch below 
the surface, while nearly all were mere abrasions. In all cases, however, 
each break in the skin was surrounded and quite well sealed by dried, 
sticky exudations. In a few instances the sap flowed from i to 2 inches 
down the side of the fruit from the puncture. 

Before bunches of bananas are cut in the field they are stamped by 
the official marker of the shipper. Ten bunches stamped on Jime 21 
were allowed to remain growing to determine whether the development 
that takes place during a loday period after the fruit is sufficiently 
mature for shipment lessens the general immunity it enjoys if cut when 
marked. It should be stated here that unless bananas are cut for ship- 
ment on the steamer for which they are marked they become too mature 
or, to use trade terms, too “full'" or “fat,*' to stand without decay 
the 9- to 14-days’ interval before they are exposed for sale in the San 
Francisco market. Only 9 fruits out of 505 on 4 of these lo bunches 
caged with fruit flies between June 21 and June 23 bore evidences of 
attack, there being such evidence in 14 places. All punctures were 
empty, except one containing 5 eggs. These eggs had been laid in a 
crack caused by the decay of the blossom end of the fruit. While these 
eggs hatched, the larvae immediately died. Out of 238 fruits on 2 bunches 
caged with fruit flies between June 23 and 26, 42 showed 159 breaks in the 
peel made by flies. Of these only 3 contained eggs — 3, 4, and 6, respec- 
tively. An examination of these eggs on July 7 showed that while they 
had hatched, the larvae were not able to mature and had died in the punc- 
tures. There were 126 attempts at oviposition in 46 out of 202 fruits on 
2 bunches caged with fruit flies between June 26 and Jime 28; of these 
punctures only 2 contained eggs — i and 3, respectively. While 3 of these 
eggs hatched, the larvae died without entering the pulp. No eggs were 
found in 26 punctures in the peel of 15 out of 200 fruits on the last 2 
bunches of those marked “June 21," and caged with fruit flies between 
June 28 and June 30. Plate LXI, figure 2, is reproduced from a photo- 
graph of the blossom end of a Chinese banana taken 16 days after it was 
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marked for shipment. The i8 punctures found on this fruit were made 
between June 28 and 30, or 7 to 9 days after the fruit was marked for 
shipment. All of these punctures were empty, and only 2 were sufficiently 
deep to contain eggs. The dried exudations have been removed. 

Having failed to force Mediterranean fruit flies to oviposit successfully 
in the field in bananas sufficiently mature for the export trade, freshly 
laid eggs were removed from apples and placed in incisions made in the 
peel of bananas marked for shipment but still attached to the tree. Small 
cuts varying from one-fourth to one-half inch in length, extending with 
the grain of the peel but not quite reaching the pulp, were made. From 
these cuts the sap flowed so freely that it was difficult to insert eggs quickly 
enough to prevent them from being washed away. A total of 470 eggs 
inserted were sealed within the incisions with gummed labels and a thin 
layer of paraffin. Upon the examination of 270 eggs 2 days later, it was 
found that 6oeggs had hatched and that the newly hatched larvae were alive 
and active within the incisions. Later examinations showed that all larvae 
died without entering the pulp, even where the peel had split and exposed 
the latter. An examination of the 200 other eggs 9 days after they were 
placed within the incisions showed that 135 had hatched, but all the 
larvae had died without infesting the pulp. The 275 of the 470 eggs that 
failed to hatch turned black. Of 65 eggs of the same lot held as a check, 
57 hatched. 

EXPERIMENTS IN THE LABORATORY 

All experiments carried on in the laboratory necessarily were with 
fruits cut from the tree. The results were therefore obtained under con- 
ditions less normal than those obtained in the field. No experiments can 
be said to be carried on under field conditions unless the fruit is still 
growing, for as soon as it is cut its protecting sap begins to disappear. 

One bunch of 55 fruits which had been cut for shipment for 24 hours 
was confined for 48 hours with about 500 fruit flies. An examination of 
the individual fruits after the bunch was removed from the cage showed 
22 with a total of 28 punctures. These punctures were not opened, but 
the fruits were placed in jars. No adult fruit flies developed. 

One bunch of 93 fruits, which had been cut for shipment for about 
6 hours, was confined for 24 hours with about 300 fruit flies. On 
removal from the cage it was found that only 15 fruits were free from 
attempts at oviposition. In the remaining 78 fruits there were 342 
punctures. Eggs were laid in only 7 of these 342 punctures. All eggs, 
or newly-hatched larvae, died in 5 of the 7 punctures and only 3 adult 
flies succeeded in developing, in but one of the two fruits the pulp of 
which was foupd infested 5 days after the fruit was removed from the 
cage. The fruits on this bunch were almost too mature for shipment. 

Twenty fruits from a bunch cut four days previously for shipment 
were confined in a jar containing about 400 fruit flies. Five fruits were 
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removed after 24 hours; 15 fruits after 72 hours. At the end of the 72 
hours, or 7 days after the fruits were cut, they were beginning to turn 
color. In the peel of the 5 fruits first removed 58 punctures were made; 
yet only i, 3, 2, and i fruit flies, respectively, were reared from 4 of the 
fruits. In the peel of the 15 fruits removed at the end of 72 hours there 
were 148 punctures, of which 28 contained eggs. Two days after the 
fruit was removed from the jars, the 28 punctures were found to contain 
59 hatched eggs and 27 dead eggs. While punctures were found to be 
entirely empty in only 2 of the 15 fruits, adult fruit flies failed to mature 
in 7. There issued from the remaining 8 fruits an average of 2.2 flies, 
8 being the largest number to emerge from a single fruit. Two fruits, 
found to contain 18 and 19 eggs, respectively, failed to produce adults. 

Three fruits of the wild Borabora banana, which had been cut from the 
tree for two days and were still hard and yielding small quantities of sap 
when cut from the bunches, were placed with about 200 fruit flies for 24 
hours. After removal from the cage, one fruit contained 56 eggs in its 
peel. The two other fruits were placed in rearing jars and produced 104 
and 187 adult fruit flies, respectively. The pulp of the Borabora banana 
is very firm and does not decay as rapidly as does that of the Chinese or 
Bluefield banana. 

Only 35 adults matured from 880 eggs taken from apples and placed 
in the peel of 44 bananas that had been cut for shipment for 24 hours. 
Of the 44 fruits only 31 produced adult fruit flies. Out of 107 newly 
hatched larvae from apples, placed in the pulp of ripe bananas, but 33 
succeeded in reaching the adult stage. Out of 137 newly hatched larvae 
placed in the pulp of green bananas ready for shipment, but 40 com* 
pleted the life cycle. Of these 137 larvae 15, 52, 60, 26, and 10 were 
placed in bananas that had been cut from the tree i, 2, 3, 4, and 9 days, 
respectively; the adults reared in the same order numbered 3, 12, 13, 
5, and 7 

CAUSES OF IMMUNITY OF GREEN BANANAS TO FRUIT-FEY ATTACK 

While it is difficult to understand why Mediterreanean fruit flies have 
not been reared from ripe and split fruits collected on the plantations, 
it is not so difficult to find reasons for the immunity of fruits until they 
are about to turn yellow. Chemical analysis of the banana during its 
development, made by Mr. A. R. Thompson, of the Hawaii Agricultural 
Experiment Station, have shown that there exists much tannin in the 
peel and about the sections of which the banana fruit is composed. This 
tannic acid is very abundant in the green fruit, but decreases greatly in 
amount as the fruit becomes edible. During development, even up to 
the time when bananas are cut for shipment, which usually is about 12 
to 16 days before they would become ripe enough to eat if kept under 
Hawaiian weather conditions, the peel of the fruit is so surcharged with 
sap laden with tannic acid that the slightest scratch of the peel produces 
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a flow of this staining fluid. Data on file show that practically all punc- 
tures made by female fruit flies in host fruits, the epidermis of which does 
not emit fluid detrimental to the pest from one or several standpoints, 
contain eggs, but no punctures or eggs have ever been found by the 
writers in the peel of bananas growing under normal field conditions and 
suitable for the export trade. This is true in spite of the fact that many 
thousand fruits have been examined. 

One of the most severe tests to which any fruit can be subjected to 
determine whether it can support the fruit fly is to confine it closely with 
several hundred fruit flies of both sexes. Yet even under this extreme 
and unnatural condition only i egg was laid in 1,449 bananas exposed 
while still attached to the tree, and that was killed, presumably by the 
tannic acid in the peel. While 22 eggs were deposited in 1,145 more 
mature fruits, also attached to the tree, some of which were too mature 
for export trade, these eggs, or the larvae hatching from them, died within 
the peel. When one realizes that many thousand eggs have been secured 
by the writers under like conditions in preferred hosts, it is clear that 
adult fruit flies find it extremely difficult to oviposit in fruits on the tree 
even under forced conditions, both when the fruit is sufficiently mature 
for shipment and for a period of at least nine days thereafter. At the 
end of this period it is considered too mature to stand transportation to 
the mainland. And inasmuch as shippers are paid by the bunch for their 
fruit, the banana markers in Hawaii are likely to mark bananas for 
cutting that are slightly greener than necessary in order to safeguard 
against unforeseen delays in shipment and crowded conditions on board 
the steamer which hasten the ripening process. 

The difficulty experienced by the female Mediterranean fruit flies in 
ovipositing in green though mature fruit still attached to the tree is 
undoubtedly a mechanical one. She no sooner ruptures the epidermis 
in her attempt to form a cavity within which to deposit her eggs than she is 
literally forced away from her position by the exuding sap. It is possible 
that repeated attempts at oviposition, which are known to occur in other 
host fruits under natural conditions, may account for the 7 instances out 
of the 494 under forced or abnormal conditions when females were suc- 
cessful in depositing eggs. That the immunity enjoyed by Chinese and 
Bluefield bananas up to the time they are ready for shipment and for a 
period of at least nine days thereafter is due to the copious supply of sap 
is still further emphasized by the ease with which they become infested 
under similar forced conditions, or outdoor conditions, when the fruit has 
been cut for a short time. Fruit cut from the tree or from the bunch 
bleeds at the point where severed. The pressure of sap within is at once 
reduced and the amount of sap that exudes from cuts in the peel decreases 
until but little exudes after the fruit has been cut for several days. The 
data giving the results of close confinement of flies with bananas after 
they have been cut for shipment show that while the females have diffi- 
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culty in ovipositing as abundantly as they would in preferred hosts, such 
as the apple and peach, yet they find little difficulty in depositing a 
sufficient number of eggs to infest slightly a few of the fruits. 

Inasmuch as not a single egg or newly hatched larva, as recorded in the 
data, was able to live in the tannin-laden peel of green though mature 
bananas still attached to the tree, while adults were frequently able to 
reach maturity in fruits severed from the tree, from which much of the sap 
had been drained or altered by chemical changes that proceed with the 
ripening process, it is evident that the sap is the chief cause of the 
immunity of bananas to the attack of Ceratitis capitaia. 

There is no danger of infestation during the interval between the time 
bananas are cut in the field and the time they are wrapped for shipment 
in the packing sheds. 

It has been noted that oviposition has taken place under forcea condi- 
tions within from 6 to 24 hours after the fruits have been cut from the 
tree, but that eggs deposited under such conditions have either died 
or the larvae hatching from these have died without reaching the pulp. 
This leads to the question whether there is not danger of bananas becom- 
ing infested between the time when they are cut and the time when they 
are wrapped. The writers have never seen adult flies resting on bananas 
cut and stacked in the packing sheds, although they have personally seen 
many thousands of bunches ready for inspection during a 3-year period. 
Trade requirements demand that fruits be cut as late before the date of 
steamer sailing as possible. It therefore happens that bunches of bananas 
are inspected and wrapped within from 2 to 24 hours after they are cut, and 
this prompt wrapping removes all danger of infestation (PI. LX, fig. i, 2). 
From the fact that no infestation of growing bananas in condition for 
shipment has been known to occur in Hawaii, and that such infestations 
in cut fruits also suitable for shipment that are recorded have been ob- 
tained under forced conditions, whereas they have been found lacking 
under normal conditions, the writers believe that there is no possibility of 
infestation taking place between the time of cutting and that of wrapping. 

OBSERVATIONS AND EXPERIMENTS OF OTHER ENTOMOLOGISTS 

Kirk, of New Zealand, lists (4) the banana among fruits from Australia, 
condemned in New Zealand, in which the maggots of the fruit fly' had 


^ Prom the arrangemetit of the text of Kirk’s bulletin (4). the Mediterranean fruit fly {Ceraittis capitaia) 
is definitely listed as a banana pest. The bulletin is. however, a compilation taken for the most part verba- 
tim from various articles on fruit flies appearing in the Reports of the Agricultural Department of New 
S&ealand, or from circulars issued by the department. A person unfamiliar with the Australian situation 
is at a loss to know to which of several fruit-fly i>ests reference is made in the reports of fruits found infested 
by maggots at the ports of entry. Thus, in the Thirteenth Volume of the Agricultural Reports. 1905, where 
the list including the banana among those fruits found infested was originally published, no reference is 
made to either the Queensland or the Mediterranean fruit fly; it is merely stated that the fruits listed were 
burned because found infested with the ** dreaded maggot.” In the report for 1906 it is definitely stated 
that only the Queensland fruit fly (Dacus tryoni) was reared that year from a list of fruits including the 
banana. The biologist of Western Australia in his report (x) for the year 1898 stated that the Queensland 
fruit fly had been brought to Western Australia in bananas. 
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been found. French, of Victoria, Australia, states (3) that adults of this 
pest were reared from bananas {Musa sp.) exported from Queensland, 
Australia, and that on many occasions he has proved eggs to have been 
deposited in green bananas before shipment from Queensland to Mel- 
bourne. Both Kirk and French are aware that the Queensland fruit 
fly {Dacus tryoni) is a pest of bananas grown in Queensland and that 
confusion between the two fruit flies might occur if observations were 
made by untrained inspectors. 

The only actual data, aside from those presented in this paper, giving 
the results of experimental work to determine the status of the banana 
as a host fruit of the Mediterranean fruit fly have been presented by 
Severin and Hartung (5, 6). This work was done in Honolulu and the 
results are of such value that they should be consulted by those interested. 
Their experiments, however, were carried on with fruits detached from 
the tree, and when green fruits were used no statement regarding the 
degree of greenness was made. In view of the fact that they reared 
specimens of the fruit fly from only two fruits out of “hundreds of 
bunches of bananas “ examined on trees cut down in Honolulu during a 
campaign against mosquitoes, the writers seriously question the state- 
ment made by Severin in a later publication (7) that the “fruit fly was 
also bred from a half-ripe banana under field conditions. “ The fact 
that Severin reared numerous specimens of the decay flies, Acritochaeta 
pulvinata, Euxesta annonae Fab., and Notogramma stigma Fab., besides a 
number of species of Drosophilidae, is ample evidence that the trees from 
which the two fruits were taken had been cut sufficiently long for decay 
to have started in many fruits, had he not stated that one of the two 
fruits from which he reared adult flies was in a bruised and decaying 
condition and that its pulp had already turned yellow beneath the decayed 
area. It is general knowledge in Honolulu that such quantities of 
bearing banana trees were cut down during the campaign mentioned 
that the city garbage department was completely demoralized and that 
the trees with their fruit attached were stacked along the streets in 
certain parts of the city for over a week, thus giving fruit flies an oppor- 
tunity to oviposit under, not growing or field, but abnormal conditions. 

CONCLUSIONS 

Since the Mediterranean fruit fly {Ceratitis capitata Wied.) has not been 
found infesting the Chinese banana {Musa cavendishii) or the Bluefield 
banana {Musa sp.) during the three years that the Federal Government 
has had charge of the inspection of export bananas in the Hawaiian 
Islands, it is evident that some reason exists for this practical immunity. 
This is the more apparent since adult flies of both sexes have been found 
present in all parts of banana plantations, and surrounding fruits known 
to be hosts have been heavily infested. 
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This immunity is shown to be due to the fact that neither the egg nor 
the newly hatched larva of the fruit fly can survive in the tannin-laden 
peel of green though mature fruit. In fact, the copious and sudden flow 
of sap from egg punctures made by fruit flies in unripe bananas renders 
the successful deposition of eggs in such fruits difficult and rare. 

The fact that not i of 1,044 fruits of the Chinese banana ripening 
singly and prematurely among bunches growing in the field, and upon 
which, as in the case of other host fruits, one might expect gravid females 
to concentrate their attention for the purpose of oviposition, has been 
found to be infested leads to the conclusion that even ripe bananas are 
not desired as host fruits by adult fruit flies under Hawaiian conditions. 
On the other hand, the rearing of flies from the ripe and yellow fruits of 
the thin-skinned Popoulu variety, as well as from ripe fruits of other 
varieties under forced and unnatural conditions, leads to the equally 
acknowledged fact that ripe bananas in the field may serve as hosts and 
should therefore be properly guarded against in all quarantine work. 

From the facts stated the writers believe that bunches of any variety 
of banana now growing in the Hawaiian Islands, when properly inspected 
for the removal of prematurely ripe, cracked, or partially decayed fruits, 
offer no danger as carriers of the Mediterranean fruit fly, provided they 
are wrapped and shipped in accordance with the demands of the trade 
and the Federal regulations. 
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PLATE LIX 


Fig. 1. — ^Popoulu variety of cooking banana found infested with the Mediterranean 
fruit fly. Note holes made in peel by the emerging larvae. This fruit was fully ripe 
when found infested; mature fruits still green in color, present on the same bunch, 
were not infested. 

Fig. 2. — Cross section of the Moa variety of cooking banana, showing pulp infested 
by larvae of the Mediterranean fruit fly. Larvae were foimd infesting the pulp of this 
variety only when the fruits had become mature, though not yellow in color, and when 
the peel had cracked sufficiently to expose the pulp, thus removing Nature's barrier 
to infestation. 

(804) 
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PLATE LX 

Fig. I. — A bunch of Chinese bananas {Musa cavendishii). The fruit of this variety 
is so tender that it has to be protected during shipment by wrapping. The bunch is 
first wrapped in paper or cheesecloth and then in dried banana leaves, rice straw, or 
a mixture of the two. 

Fig. 3. — ^A bunch of Chinese bananas wrapped in banana leaves and ready for ship- 
ment to California. Packing materials are stored for several months before use and 
are constantly under the supervision of inspectors to make sure that they are kept 
free from fruit-fly contamination. 



PLATE LXI 


Fig. I. — Cleaning bananas in Hawaii before shipment. Every bunch of bananas 
dipped from the plantations in Hawaii is carefully cleaned by the Chinese growers 
before being inspected for the presence of ripe, cracked, bruised, or decayed fruits. 

Fig. 2 . — ^Tip of Chinese banana (Musa cavendiskii), showing punctures made by the 
female Mediterranean fruit fly in attempts to deposit eggs within the peel. Though 
made under forced and abnormal conditions, while the fruit was still attached to the 
tree, and seven to nine days after it had become sufflciently mature for shipment, 
the 1 8 punctures were empty and but 2 were deep enough to contain eggs. 
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PLATE LXII 


Fig. I . — ^Rearing cage erected ov^ 20 Chinese banana trees and inclosing 14 bunches 
in various stages of development. Although adults of the Mediterranean frriit fly 
were introduced from time to time, none of the fruits were foxmd infested when they 
became ripe. 

Fig. 2. — Interior of rearing cage sho^vn in figure i. 




EFFECT OF CONTROLLABLE VARLA.BLES UPON THE 
PENETRATION TEST FOR ASPHALTS AND ASPHALT 
CEMENTS 

By Provost Hubbard, Chemical Engineer^ and F. P. Pritchard, Assistant Chemist^ 
Office of Public Roads and Rural Engineering 

INTRODUCTION 

No one test for asphalts and asphalt cements is probably better known 
or more generally used than the penetration test. Many instruments 
have been devised for determining the consistency of these materials, but 
none have been generally adopted that do not substantially conform to 
the fundamental principles of the apparatus known as the Dow penetra- 
tion machine.^ This machine and others designed to give practically 
equivalent results are too well known to require description in this 
paper. In general, however, it may be said that by their use the con- 
sistency of asphalts or asphalt cements is expressed as the depth in 
hundredths of a centimeter that a standard needle will penetrate them 
vertically without external friction while the material is maintained at 
a stated temperature and the needle is operated under a stated load for 
a stated length of time. In the Dow penetration machine external fric- 
tion is practically eliminated. In other satisfactory types it is reduced 
to an almost negligible minimum, but when operating with those in 
which the needle holder slides through a guiding sleeve it is most impor- 
tant that both the plunger and sleeve be absolutely clean and dry, as a 
small amount of moisture, oil, or dirt will produce considerable friction 
and thus retard the penetration of the needle into the sample being 
tested. Certain standards of temperature, load, and time have been 
generally adopted, and the most widely used combination is 25° C., 
100 gm., 5 seconds. 

Granting that the apparatus is mechanically satisfactory and that a 
definite standard needle is used, the test appears to be comparatively 
simple. It has frequently been found, however, that different labora- 
tories, working upon samples of the same material under supposedly 
identical conditions of temperature, load, and time, obtain appreciably 
different results. The object of this investigation has therefore been to 
determine what effect apparently slight differences in these conditions 
will produce in the results of tests and also to study the importance of 
other controllable variables. 

> Dow, A. W. The testing of bitumens for paving purposes. In Proc. Amer. Soc. Testing Materials, 
6th Ann. Meeting 1903, v. 3, p. 349-368, fig. x-6. Discussion, p. 369-373* 1903. 
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The materials for this work were selected with the idea of obtaining 
products which showed rather wide differences in physical and chemical 
properties. For this purpose four types of oil asphalt were selected, 
which, being practically all bitumen, eliminated to a large extent varia- 
tions due to sampling, which might have occurred in the case of native 
asphalts or fluxed native asphalts carrying appreciable quantities of non- 
bituminous material. The types represented in the following tables are 
produced from (i) steam-refined California petroleum, (2) steam-refined 
Mexican petroleum, (3) refined blended petroleum, and (4) blown pe- 
troleum. Three grades of each type were selected, having, at 25® C., 
under a load of 100 gm. applied for 5 seconds, penetrations of approxi- 
mately 50, 100, and 150. This made 12 samples in all, and it is believed 
that the results obtained by their use can consistently be interpreted to 
cover practically all types of asphalts and asphalt cements. The more 
important physical and chemical characteristics of these products are 
shown in Table I. 


TablK I . — Characteristics of asphalt cements 


Test. 

California. 

Mexican 

Blended. 


Blown. 


8961 

8962 

8963 

8948 

8949 

8950 

8994 

8995 

8996 

8956 

8957 

8958 

Specific gravity, 
as^/as^C , 
Melting point 

1.039 

Z.O36 

1. 036 

X.048 


1.036 

1. 036 

Z.035 

Z.03Z 



0-987 

(cube meth- 
od) 

S 3 "C 

46® C 

42® c 

62® C 

Sa®C 

46® c. 

62® C 

58® c 

44 * 0 ' 


8a® C 

68® C 

Penetration, 
25®C., 100 gm 

5 sec 

47 

93 

X 33 

so 

90 

*50 

63 

93 

*57 

44 

9 * 

136 

Penetration. 0° 
C.; 200 gm., X 
xnin 

3 

13 

x8 

13 

36 

40 

33 

36 

39 

87 

47 

59 

Penetration, 46® 
C,, 50 em-. 5 
sec 

Soft 

Soft 

Soft 

327 

Soft 

Soft 

330 

3*0 

Soft 

70 

176 

30s 

Loss. 163® C , 
2ogm.,5hrs . 

•77 

.90 

1. 38 

.09 

.16 

.46 

•38 

•87 

•99 

•*4 

.30 

. 30 

Penetration res- 
idue, 25® c., 
xoo gm.,5 sec. 

26 

45 

6x 

37 

55 

87 

45 

58 

93 

38 

86 

Z18 

Bitumen- solu- 
ble (CSt) . 

99. 82 

99.46 

99-74 

99-84 

99-92 

99 - 95 

99.66 

99-93 

99-83 

99-54 

99 - 6z 

99*49 

Organic insolu- 
ble 

.06 

.36 

. 30 

. zo 

.06 

.05 

. 31 

.07 

- *3 

. 37 

. 31 

. 39 

Inorganic insol- 
uble 

. 12 

. x8 

. 06 

.06 

. 02 

. 00 

•13 

. OX 

•05 

- *9 

.18 

. 22 

Total.... 

ZOO. 0 

100.0 

100.0 

100.0 

100.0 

: 100.0 

100.0 

zop.o 

ZOO.0 

zoo. 0 

zoo. 0 

ZOO.O 

Bitumen insol- 
uble, 86® B. 
nap 

21.4 

19.9 

18.0 

39 > 8 

29-5 

«S -7 

39. z 

38.9 

as - 7 

29- 5 

34. 8 

33 . 7 

Fixed carbon . 

X3.4 

* 3-3 

zx. 0 

z8. z 

17.6 

* 5-3 

* 4-0 

14 . 8 

* 4-5 

* 3-3 

12.4 

XX. 3 


The first consideration which naturally presents itself is the method 
of preparing the sample for the test. It is apparent that in order to 
duplicate results upon different samples of the same material the samples 
shall be taken so as to represent the entire body of material sampled. 
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It is assumed that in all instances laboratories take representative sam- 
ples. The handling of the sample, once it is taken, however, is subject 
to a number of conditions which are not ordinarily strictly specified. 
In the first place, the sample must be melted by the application of heat 
and, to prevent any change during the melting process, it should be 
heated at as low a practicable working temperature as consistent with 
the time required to melt it. That is, all asphalts and asphalt cements 
tend to harden upon being heated, due either to loss by volatilization or 
to so-called oxidation or reaction with atmospheric air. This tendency 
is increased as both the temperature and time of melting are increased. 
The method followed in preparing all of the samples for this investiga- 
tion was as follows: 

About 6 ounces of each of the 12 materials were placed in pint tin cups. 
The 12 cups were then placed upon a X-i^^ch asbestos board resting 
directly upon a gas hot plate. The samples were stirred occasionally to* 
expedite melting, and removed from the hot plate as soon as completely 
fluid. At no time were the samples heated sufficiently to produce fuming. 
Upon removal from the hot plate the samples were poured into 3-ounce 
cylindrical tin dishes, measuring 5.5 cm. in diameter, with vertical sides 
approximately 3.5 cm. in height. While still fluid, all air bubbles which 
rose to the surface were removed by means of a tiny gas flame, which was 
rapidly passed over the surface and which merely caused the bubbles to 
break without in any way injuring the sample. 

As the efiFect of the size of the container upon the results of tests had 
been investigated by Reeve,* it was felt that by the use of the dish above 
stated no danger of influencing results from this cause need be feared. 
In this connection it is of interest to note that Reeve’s work demonstrated 
that a dish of 5 cm. or more in diameter could not influence the results 
of tests, although appreciable variations in results were in some cases 
caused by dishes smaller than 2.5 cm. in diameter. 

EFFECT OF VARIATIONS IN METHOD OF PREPARING MELTED 
SAMPLES FOR TESTING 

Undoubtedly the most common method of preparing a melted sample 
for the penetration test is to allow it to cool in air at room temperature 
for approximately an hour, then to immerse it for an hour in water main- 
tained at the temperature at which the test is to be made. The sample 
is then tested under water at this temperature. In certain cases, cooling 
the sample in ice water or crushed ice prior to immersing it in the constant- 
temperature bath has been resorted to, and the penetrations so obtained 
have frequently been somewhat lower than those obtained by the method 
first described. As great a difference as 15 points in one asphalt cement 

^ Reeve. C. S. Effect of diameter of bitumen holder on the penetration test. In Proc. Intemat. Assoc. 
Testing Materials ( 3 th Cong. New York xgta), v. a. no. xx. Paper as^, 4 p. 19x2. 

17211®— 16 3 
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of about 150 penetration has been noted by the authors in this connec- 
tion. The theory has been advanced that the ice-water cooling produces 
a set in the material which is not attained by the sample if it is allowed 
to air-cool until it has stood for a number of days. It has been further 
argued that the penetration at this set represents more accurately the 
true consistency of the material than does the penetration determined 
by the method first described. In order to study this matter thoroughly, 
different samples of each of the 12 materials were cooled and prepared 
for testing in a variety of ways, careful attention being paid to the time 
during which the sample was subjected to a given condition. These con- 
ditions are shown in Table II. 

For each test under a given set of conditions samples of materials were 
melted and poured at the same time. In methods i to 6 and 15 to 23, 
inclusive, the melted samples were poured into the test dishes and, after 
standing in air for the periods indicated, were immersed in a water bath 
carefully maintained at 25® C. for the time selected, prior to determining 
their penetration. At the expiration of this time they were tested in the 
water bath. In methods 7 to 10, inclusive, the melted samples were poured 
into test dishes which had been previously packed in ice. Here they were 
allowed to remain until transferred to the 25® water bath. In methods 
1 1 to 14, inclusive, the melted samples were first poured into the test dishes 
and allowed to cool in air as indicated, after which they were placed in 
an ice-water bath for definite periods of time and then immediately trans- 
ferred to the 25® water bath. In methods 24 and 25, the melted samples 
were poured into test dishes packed in crushed ice and kept there for i 
hour. They were then removed and allowed to remain in air for 28 days, 
after which they were placed in the 25® water bath just prior to testing 
as indicated. 



Tabl9 II . — Individual penetration tests on asphalt cements, loo gms., 5 seconds, 25® C. 
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Table II gives the results of three determinations for each sample 
under each of the conditions tried. These penetrations were all taken 
with the same needle at different points on the surface of the sample. 
Reading from left to right, the first test was made at the center, the 
third I cm. from the edge of the dish, and the second halfway between 
the positions of the first and third tests. For the dish measuring 5.5 cm. 
in diameter, the first penetration was therefore taken 2.7 cm., the 
second about 1.9 cm., and the third about i cm. from the edge of the 
dish. 

It will be noted that the time elapsing between pouring the sample 
into the dish and determining its penetration varied from a total of i 
hour to over 28 days; that the immersion in the water bath directly pre- 
ceding the test varied from 30 minutes to lyi hours. Upon reviewing 
the results given in this table, it appears evident that, in general, for any 
given set of conditions preceding the immersion in the water bath, a 30- 
minute immersion in water gave less consistent check results than a cor- 
responding I -hour or i>^-hour immersion. Less difference is indicated 
between the i-hour and i yiAxonr immersions in water, but the balance of 
evidence appears to favor the latter period of time in so far as uniformity 
is concerned, even when negligible personal errors are taken into account. 
Thus, out of the ii series of comparative tests of i hour and hours 
for all 12 materials, it will be found that in 61 cases the i ^-hour immer- 
sion gave the most consistent results; in 21 cases the most consistent 
results were obtained with the i-hour immersion; and in 50 cases there 
is no preference so far as consistency in results was concerned. 

If the average of the three tests for any sample is taken for the i-hour 
air cooling and i-hour immersion in the bath, as compared with the 
30-minute air cooling and i-Kbour immersion in the bath, it will be found 
that they practically coincide. The fact, however, that in the latter 
case there is less difference between the individual results indicates that 
the ij^-hour immersion should have preference. 

Eliminating the 30-minute immersion in the bath before making the 
test, and considering only the i-hour and ij^-hour immersions in con- 
nection with short periods of prior cooling in air, Table III will be found 
to illustrate the differences above described. Here, comparing methods 
5 and 3, it will be seen that in seven cases the most consistent results 
were obtained by the i >^-hour immersion ; in two cases the i -hour immer- 
sion produced the most consistent results; and in three cases there is no 
preference with regard to consistency in results. So far as rapidity in 
making the test is concerned, therefore, if a short-period air immersion 
is to be adopted, it would seem that 30 minutes in the air and 1% hours 
in the bath prior to testing would be the most satisfactory minimum 
limits to adopt. 



Tablh 111. -Comparison of penetration tests for short periods of air cooling and immersion in 25® C. bath, 100 gm., 5 seconds 
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This being so, the average of results given in Table II can best be con- 
sidered by means of Table IV, in which are given the average penetrations 
obtained on all of the samples under various conditions of cooling prior to 
I }4 hours' immersion in water. A study of this table shows in every case 
a gradual hardening or lowering of penetration as the time in air is 
increased. This lowering in penetration is not very pronounced in a 
period of 24 hours, but it increases quite appreciably in longer periods. 
Allowing for slight experimental errors, no difference is found to exist 
between the 30-minute and i-hour exposure in air. The most marked 
difference is, of course, apparent between the results of 28 days in air as 
compared with 30 minutes in air, and the greatest difference in actual 
points of penetration will in every case, for a given type of material, be 
foimd for the softest grade of that type, or, in other words, for that grade 
which originally showed the highest penetration. It is apparent that 
no permanent set occurs up to a period of 28 days, but that a gradual 
hardening takes place. This being so, it is of interest to compare the 
foregoing with the results obtained by immersion in ice water prior to 
immersion in the water bath for hours at 25® C. It will be seen, in 
general, that but little difference in results is obtained between the 
samples cooled in ice water and those cooled in air, although under certain 
conditions for the short periods a slightly lower penetration has been 
secured by this means. It is safe to say, however, that the immersion of 
the sample in ice water does not produce a set which is comparable to 
any definite set produced by prolonged standing in air. This is evident 
from the last series of results, in which the samples which had been 
immersed in ice water for an hour were allowed to stand 28 days before 
immersing them in the water bath, the results in each case being appre- 
ciably lower than those obtained by immersing them for i hour in ice water 
and then i yi hours in the bath just prior to test. There does not there- 
fore, appear to be any good reason for cooling the sample in ice water at 
any time, except, perhaps, in plant-control work, where it is desired to 
expedite the test somewhat, and an allowance can be madefor variations 
from the ordinary method caused by the ice-water immersion. 

Tabi^E IV. — Comparison of average penetrations at 25® C. after 1% hours' immersion in 

hath, 100 gm., 5 seconds 

California. Mexican. Blended. Blown 

8961 8962 8963 8948 8949 8950 8994 8995 8996 8956 8957 

47 93 *33 50 90 150 6a 9a 157 44 91 

46 95 *34 SO 90 147 6x 93 *58 4a 9* 

45 93 *3* 47 86 143 58 88 150 4X 89 

44 90 X30 45 83 X39 54 85 X44 4a 88 

43 85 xas 45 78 X3X S3 8a X4a 4a 85 

38 79 x*9 39 70 xa4 48 73 13* 38 78 

46 95 X33 49 9x 148 6x 89 Z56 4a 93 

47 93 *3 * 49 90 X5X 6x 94 X57 43 9X 

47 94 *33 49 87 Z46 60 9a isa 4a 9X 

46 93 *3a 49 88 146 60 93 *53 43 9X 

47 9a X33 48 87 143 59 9a X50 43 9a 

37 79 XX9 38 68 134 48 74 13* 37 76 


Conditions before test. 


In air. 


30 min 
I hr . 
24 hrs 
3 days 
7 days 
38 days 

a8days(re- 30 min. 

melted). | 

3oxnm 

ihr 

JO min. . . . 30mm I 

jomin.... xhr 

X hr. . . aSdairs. 



8958 


X36 

136 

xja 

xa8 

zs8 

sxa 

136 

lU 

*33 

*34 

xzx 
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Although all of the samples examined hardened very materially upon 
setting for 28 days, it is of interest to note that when these samples were 
remelted, allowed to cool in air for 30 minutes, immersed in the water 
bath at 25® C. for i yi hours, and again tested, the penetrations, to all 
intents and purposes, were the same as those originally obtained by 
the 30-minute air cooling and i >^-hour immersion in the bath. This fact j 
does not, however, indicate that the materials do not permanently I 
harden with age, as Hubbard and Reeve ^ have shown that all types of \ 
bitumen permanently harden upon prolonged exposure. ^ 

As a result of the foregoing observations, the 30-niinute air cooling 
and I }4-hovLr immersion in the bath prior to the test was adopted as the 
method of preparing samples prior to studying the effect of the vari- 
ables, temperature, load, and time. 

EFFECT OF VARIATIONS IN TEMPERATURE 

The penetration of an asphalt cement is frequently determined and 
sometimes specified at three temperatures. The temperature most 
commonly employed and at which the consistency of the material is 
rated is 25° C. This is known as normal temperature, and the customary 
load and time factors used are 100 gm. and 5 seconds. 

The penetration test is next frequently made at o® C. with a load of 
200 gm. applied for i minute. In some cases the test may be made 
with a load of 100 or 200 gm. applied for 5 seconds. For this test the 
sample is usually packed in finely crushed ice, which completely covers 
it, and the needle is brought in contact with its upper surface through a 
hole in the ice worked out with the finger. The needle itself, as well as 
the exposed surface, may, therefore, at the time of test be at a somewhat 
higher temperature than o®. For this reason 4® C. has been selected by 
some for a low-temperature test, as it is a temperature which may be 
accurately maintained in the water bath. 

Another temperature at which the penetration test is made is 46® C. 
Where possible, a load of 50 gm. is applied for 5 seconds, but in the case 
of materials which are very soft at this temperature the 50-gm. load is 
applied for 1 second. 

In order to study the effect of variations in temperature upon the 
penetration test, a number of samples of each of the 12 asphalt cements 
were prepared, and after cooling in air for 30 minutes were placed for 
lyi hours in the bath maintained at the test temperature. The results 
of these tests are given in Table V. 


1 Hubbard. Pr^oat. and Reeve. C. S. The effect of exposure on bitumens. In Jour. Indus, and Encin. 
Cfaem.. V. 5. no. i. p. X5*x8» fig. z>a. X9X3< 
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Tablk V . — Effect of variations in temperature on penetration of asphalt cements « 


T«n- 

Couditicnis at test. 

California. 

Mexican. 

Blended. 

Blown. 

pera- 

ture. 

I#oad 

Time. 

Bath. 

896Z 

8962 

8963 

8948 

8949 



8995 

8996 

8956 

8957 

8958 

®C. 

20 

Gfn. 

xoo 

Seconds 

5 

Water. 

94 

47 

69 

29 

55 

87 

38 

6z 

94 

32 

63 

93 

*3 

zoo 

S 

...do.. 

37 

7 X 

xo6 

40 


■Si 

50 

77 

Z26 

38 

8z 

X 30 



s 

...do.. 

40 

80 

xiS 

45 


■B3 

S 3 

80 

Z36 

40 

84 

X2X 



s 

. . .do. . 

46 

86 

12 X 

47 



56 

8s 

X 45 

44 

89 

129 



5 

. . .do. . 

46 

99-4 

e' i 3 « 

49 

Jfpr 

149 

60 

y* 9 o 

x?6 

44 

,^.91 

X34 



5 

...do.. 

53 

zoo 

149 

54 

99 

153 

5 s 

97 

X69 

47 

*98 

144 

a? 

xoo 

5 

...do.. 

60 

Z 20 

Z7a 

S8 

Z06 

X 74 

68 

Z05 

X87 

so 

zoz 

*53 

0 

xoo 

s 

Ice.... 

z 

zo 

*3 

zo 

z6 

93 

8 

zz 

13 

ZZ 

17 

20 

0 

zoo 

5 

Brine. 

z 

3 

4 

4 

7 

10 

6 

zo 

ZZ 

8 

xs 

X 9 

4 

zoo 

5 

Water. 

2 

5 

8 

7 

14 

17 

XX 

X 7 

X 7 

X 4 

94 

3 X 

« 

200 

s 

Ice.... 

zo 

13 

z8 

X 3 

26 

30 

X 3 

20 

94 

z6 

28 

37 

0 

200 

5 

Brine. 

2 

6 

8 

8 

13 

16 

Z 2 

z8 

20 

X 9 

99 

35 

4 

200 

S 

Water. 

7 

zz 

IS 

Z2 

17 

95 

z6 

as 

1 97 

22 

39 

49 

0 

200 

60 

Ice.... 

X 3 

X 7 

93 

28 

36 

39 

20 

37 

4 X 

28 

SO 

6a 

0 

200 

! 60 

Brine. 

3 

12 

z8 

X 3 

26 

40 

22 

36 

39 

97 

47 

S 9 

4 

200 

60 

Water. 

XS 

95 

35 

z8 

38 

59 

30 

48 

73 

36 

70 

89 

44 

SO 

z 

...do.. 

139 

939 


99 

X 77 

268 

ro% 

152 

264 

45 

Z08 

*75 

45 

SO 

z 

. . .do. . 

147 

263 

zoS 

x88 

290 

Z18 

x6z 

aSx 

49 

zz6 

x8s 

46 

so 

z 

.. .do. . 

z8o 

318 

Soft. 

zx6 

204 

308 

Z2I 

174 

306 

54 

X24 

200 

47 

50 

z 

...do.. 

X89 

Soft 

Soft. 

X26 

224 

Soft. 

Z30 

X90 

Soft. 

56 

X29 

2 ZZ 

44 

so 

5 

...do.. 

994 

Soft. 

Soft. 

X 9 S 

330 

Soft. 

190 

277 

Soft. 

64 

X 55 

264 

45 

so 

S 

. . .do. . 

318 

Soft. 

Soft. 

204 

Soft. 

Soft. 

209 

286 

Soft. 

67 

165 

285 

46 

so 

5 

.. .do. . 

Soft. 

Soft. 

Soft. 

227 

Soft. 

Soft. 

220 

310 

Soft. 

70 

176 

305 

47 

so 

S 

. .do . 

Soft. 

Soft. 

Soft. 

945 

Soft. 

Soft. 

944 


Soft. 

73 

z86 

Soft. 


« In this and succeeding tables it will be noted that at 25® C. under a load of too gm. applied for 5 seconds* 
sample ^50 shows a materially lower penetration than in Tables II, III, and IV. No satisfact(»y 
explanation has as yet been found for this variation, as the maximum difference of ei^ht points is too large 
to be attributed to experimental error. Numerous checks have been made upon the later results, which 
were obtained about three months after the first determinations. It is possible that the material had 
undergone some change during that period. 

Considering first those tests made with a loo-gm. load applied for 5 
seconds at temperatures ranging from 20° to 27° C., it will be seen that 
a difference of i degree makes a very decided difference in the recorded 
penetrations. In fact, the difference in penetration for all but the 
blown products and the harder grades of the other types is quite marked 
between 24.6° and 25°. Allowing for experimental errors, this dif- 
ference of 0.4® is, in the case of sample 8963, responsible for a difference 
of 10 points’ penetration. In general, the softer the material the greater 
the difference for any t3q)e. As specifications for the penetration at 25“ 
of asphalt cements are frequently limited to a variation of 10 points, it 
is at once apparent that the temperature of the bath should be carefully 
maintained at the exact temperature required, and that accurately cali- 
•brated thermometers, which may be read to tenths of a degree centigrade, 

, be used for this purpose. 

Considering any or all of the three sets of tests made at low tempera- 
tures it is evident that the ice method is inaccurate, in asmiiph as it 
frequently gives a higher penetration than the corresponding result 
with the 4° bath. It is evident, therefore, that if the temperature of o® 
is used, a brine bath which may be maintained at o® should be employed. 
It is further of interest to note that marked differences in penetration 
for all of the types are obtained between the o® brine test and the 4® 
water test. From this it is apparent that the 4® test should not, as has 
sometimes been done, be considered the practical equivalent of a o® tes t. 
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With regard to penetration tests at relatively high temperatures, it is 
of interest to note the accentuated effect of slight variations in tempera- 
ture for any given material. This is due to the fact that all of the 
materials are much softer at this temperature. Thus, for a 50-gm. load 
applied for 5 seconds a difference of 24 points' penetration for C. (be- 
tween 45® and 46® C.) is noted for sample 8995, while for a loo-gm, 
load applied for 5 seconds at 25® C. a maximum difference of 9 points' 
penetration for i ® (between 25® and 26® C.) is shown for the same material. 

THE EFFECT OF VARIATIONS IN LOAD 

The penetration of asphalt cements is most frequently determined 
imder a load of 100 gm. Penetration machines are, however, designed 
so that the combined weight of needle and plunger is 50 gm. The loo-gm. 
load is then obtained by placing an additional 50-gm. weight upon the 
plunger. A loo-gm. weight may also be used with the machine, so 
that loads of 50, 100, 150, and 200 gm. are possible. All of these loads 
are occasionally used in making the penetration test. It is clear that 
any variation in weight due to carelessness in manufacture or to changes 
brought about by the replacement of the original needle will most seri- 
ously affect the smaller loads — that is, a difference of i gm. should pro- 
duce proportionately a more marked effect where the 50-gm. load is 
employed than with heavier loads. A variation of i gm. is, of course, 
much larger than would ordinarily be expected to exist in different in- 
struments, but as great a variation as this has been noted by the writers. 
In order to determine the effect of variation in load, penetration tests 
were made upon all of the 12 samples wth i-gm. variations from the 
50- and loo-gm. loads, and in addition to this the penetrations at inter- 
mediate loads between 50 and 200 gm. were determined in order to ascer- 
tain just what effect would be produced in the penetration of different 
types of asphalt cements by changes in load when the penetrations were 
all made for 5 seconds at a temperature of 25° C. The results of these 
tests are given in Table VI, 

Table VI . — Effect of variations in load on penetration of asphalt cements^ 25® C., 5 

seconds 


X<oad. 

California. 

Mexican. 

Blended. 

Blown. 

8961 

896a 

8963 

8948 

8949 

8950 

8994 

8995 

8996 

8956 

8957 

8958 

Gm , 



3 * 

59 

89 

3a 

60 

96 

40 

60 

X06 

■ 

S 3 

83 

50 

3 * 

60 

90 

3a 

6z 

97 

40 

60 

Z06 


54 

83 

Sx 

ja 

6z 

9 X 

33 

6a 

98 

40 

60 

Z06 


54 

83 

60 

35 

67 

98 

38 

67 

xzo 

43 

63 

xao 


83 

94 


40 

76 

iia 

4 * 

77 

123 

48 

75 

*33 


72 

XXX 


43 

85 

183 

45 

85 

X 34 

54 

84 

147 


8 a 

za 4 


46 

9 * 

X 3 a 

48 

90 

140 

60 

90 

X 5 S 

4 X 

89 

134 

XQO 

46 

9a 

xsa 

49 

90 

J 4 a 

60 

90 

155 

43 

90 

134 

XOX 

46 

9a 

X38 

49 

91 

X 4 a 

60 

90 

156 

43 

90 

*35 

1*5 

5 X 

xoz 

146 

54 

zox 

XS 9 

65 

XOZ 

*73 

5 * 

xos 

*57 

ISO 

59 

XX3 

160 

60 

1X3 

X78 

76 

XX 3 

X9a 

58 

xx 8 

x8a 

900 

68 

X 34 

178 

7 * 

xa 9 

axx 

90 

134 

ax 8 

7a 

X 53 

a 3 i 
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Upon reviewing these results it will be noted that a variation of i gm. 
in no case produces an appreciable variation in results. In fact, the 
greatest variation is found to be one point penetration, and, in many 
cases, no difference in penetration is to be observed. It is therefore 
obvious that errors due to the calibration of the weights are practically 
negligible. 

In connection with the series of tests for any individual material, it is 
of interest to note that within certain limits the increase in penetration is 
almost proportional to the increase in load. In other words, practically 
a straight-line curve may be obtained by plotting for any material the load 
against the corresponding penetration and connecting these points. If 
this is done the projection of the line to the axis representing increments 
of load will not hit this axis at its intersection with the axis representing 
increments of penetration. In general, it appears that blown asphalts 
possess less surface tension and adhesiveness than steam-distilled 
asphalts. The penetration of a blown asphalt therefore represents more 
nearly the actual distance which the needle enters the sample. In the 
case of steam-distilled asphalts the surface of the sample is markedly 
depressed by the needle, and probably proportionally greater retardation 
of its movement is produced by material which adheres to it. 

It is of interest to note that a steam-distilled asphalt having a higher 
penetration than a blown asphalt at 25® C. under a load of 50 gm. applied 
for 5 seconds may have a lower penetration than the same blown asphalt 
at 25® under a load of 100 gm. applied for 5 seconds. For this reason the 
relative penetrations of different types of asphalt do not necessarily 
indicate their relative hardness. 

As would naturally be supposed, in general, the greatest variations 
in penetrations due to variations in load are obtained upon the softer 
materials or those showing the highest penetration at any given load. 
The blown products, however, show more variation than do the other 
types. This is probably due to the fact that the effect of surface tension 
and adhesion is less pronounced with the blown products than with the ^ 
steam-distilled products. 

It was thought unnecessary to study the effect of variations in load at 
other temperatures and for other periods of time, as there was no reason to 
suppose that the results would be different in character from those given. 
The changes in time and temperature would merely change the pene- 
tration of the material and should give results comparable with those 
obtained upon softer or harder grades of the same type. 

EFFECT OF VARIATIONS IN TIME 

Penetration determinations are ordinarily made for a period of 5 sec- 
onds, especially where the loo-gm. load is employed. In the case of 
materials which are quite hard they may be made for a period of i min- 
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ute and usually under a load of 200 gm. This is done in most o®or4®C. j 
tests. If a material is normally very soft or becomes very soft at 46® a ' 
I -second test under a load of 50 gm. may be used. The time of test may 
be controlled by means of a swinging pendulum, a second clock, or 
metronome. The last is to be preferred because it leaves the eye free 
to watch the test itself and at the same time incurs less chance of error. 

In order to determine the effect of variations in time upon the pene- 
tration test, samples of all 12 asphalt cements were prepared and tested 
at 25° C. under a load of 100 gm. applied for periods ranging from i to 10 
seconds. The results of these tests are given in Table VII, in which every 
value recorded represents an average of a number of determinations made 
directly for the intervals of time stated. 


Table VII. — Effect of variations in time on penetration of asphalt cements ^ 2S^C.t 

TOO gm. 



California 


Blended. 

Blown. 


xunc. 

8961 

896a 

8963 


R949 

8950 

8994 

899s 

8996 

8956 

8957 

8958 

Seconds. 

as 

50 

6a 

36 

48 

77 

35 

53 

80 

33 

63 

91 


3a 

63 

84 

33 

6a 

96 

45 

67 

205 

36 

73 

108 


38 

74 

*04 

37 

73 

X16 

Sa 

76 

134 

39 

80 

1x7 


4 a 

84 

xz8 

44 

81 

133 

56 

84 

X36 

4 a 

85 

Z36 

4H 

45 

88 

136 

45 

84 

140 

58 

88 

X48 

43 

88 

I 3 X 

5 . 

! 47 

93 

13a 

48 

89 

145 

60 

9 X 

155 

44 

90 

X35 



! 49 

98 

X37 

SO 

91 

ISO 

6a 

94 

x6o 

45 

91 

X38 


64 

130 

183 

61 

xx6 

192 

74 

xxs 

a 10 

49 

X04 

X59 


Upon reviewing these results it will be noted that for any material a 
greater number of points penetration is recorded for the first second than 
for any other one second. In general, upon the basis of a 5-second test 
it will be found that about 50 per cent of the penetration occurs during 
the first second for all but the blown type. With this type, owing 
probably to less surface tension and adhesion, considerably more than 
50 per cent of the total 5-second penetration occurs during the first 
second. After the first second there is a decided tendency for the pene- 
tration to become less and less for each succeeding second. But with 
the softer grades of material a difference of one-half second from the 
5-second test may make as much as 7 points difference in penetration. 
It is evident, therefore, that for accurate work in the 5-second test the 
time of penetration should be controlled to within less than half -second 
variations. From numerous tests it appears that if a metronome is used, 
the time of penetration may be controlled by any careful operator to 
within a maximum variation of one-fifth second from the selected time of 
test, and this is believed to be sufficient for all practical purposes. 
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SUMMARY AND CONCLUSIONS 

For the sake of convenience, the more important conclusions regard- 
ing the method of making penetration tests, which have been reached 
as a result of this investigation, are summarized below. 

(1) Melted samples should be cooled for not less than 2 hours prior to 
test, and should be tested upon the same day that they are melted, 
preferably after 2 or 3 hours. 

(2) Samples should be maintained at the testing temperature for not 
less than i hour, and preferably for i }4 hours prior to test. 

(3) Upon standing in the air, prepared samples show a decreasing 
penetration, but no definite end point or set is produced up to 28 days. 

(4) In ordinary laboratory work there is no apparent advantage in 
cooling samples in ice or ice water prior to determining their penetra- 
tion at higher temperatures. Cooling in ice water is therefore not 
recommended. 

(5) Samples should be maintained and tested within 0.1° C. of the 
desired temperature for accurate work, as a variation in temperature of 
less than 0.5® in temperature may produce a decided difference in 
results. 

(6) Tests at 4° are not the practical equivalent of properly made 
tests at o®. 

(7) When making tests at o®, samples should not be packed in 
crushed ice, but should be immersed in a brine bath. 

(8) The increase in penetration of a material determined under given 
conditions of temperature and time is, within certain limits, almost pro- 
portional to the increase in load. For the 100- and 200-gm. loads varia- 
tions of as much as i gm. do not as a rule seriously affect determinations. 
It is, however, recommended that in all cases the load should not vary 
more than 0.2 gm. from that desired. 

(9) In any test, proportionally the greatest number of points penetra- 
tion is obtained during the first second. In the 5-second test approxi- 
mately one-half of the total penetration is obtained during the first 
second, A variation of one-half second may, however, produce an appre- 
ciable variation in results. 

(10) A carefully calibrated metronome is recommended for securing 
the proper time control. 

(11) Aside from possible variations in needles, it is believed that va- 
riations in results obtained upon the same material by different labora- 
tories are more probably due to unobserved variations in the methods of 
preparing the sample and to the control of temperature than to any 
other causes. 

(12) It is believed that a study of the penetration of various types and 
grades of bituminous materials under a variety of conditions of tempera- 
ture, load, and time may throw considerable light upon their other 
physical and chemical characteristics, and may serve as a possible 
means of identifying their origin and method of manufacture. The 
writers propose to continue work along this line. 
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EFFECTS OF REFRIGERATION UPON THE LARV^ OF 
TRICHINELLA SPIRALIS 

By B. H. Ransom, 

Chiefs Zoological Division^ Bureau of Animal Industry 
INTRODUCTION 

Prior to recent investigations, the first of which were briefly reported 
in a short article which appeared about two years ago (Ransom, 1914), 
it had been generally accepted as an established fact that the larvae of 
Trichinella spiralis are very resistant to cold and that they survive 
exposure to temperatures much below the freezing point of water. In 
the article referred to, however, it was shown that former ideas con- 
cerning the resistance of trichinae to cold were erroneous, and that as a 
matter of fact low temperatures have a very pronounced effect upon 
the vitality of these parasites. As a precise knowledge of the effects of 
refrigeration upon trichinae is of considerable importance, an extended 
investigation has been made, the results of which are recorded in the 
present paper. 

HISTORICAL SUMMARY 

The following summary covers all of the published reports of experi- 
mental work on the effects of cold upon trichinae so far as they could be 
traced in the literature. 

Leuckart (1863a, p. 120) states that trichinae are in the highest degree 
resistant to cold. He exposed some trichinous meat outdoors during cold 
January weather (—16^ to — 20®R.; —4® to— 13^^ F.; —20° to— 25° C.) 
for three days and nights. After thawing the meat, he fed it to a rabbit, 
which died a month later and was found to be very heavily infested with 
trichinae. In another publication (1866a, p. 91) Leuckart notes that 
the place in which this meat was kept was somewhat protected, and it 
may therefore be presumed that the temperature to which the meat was 
actually exposed was probably not as low as indicated by the figures given. 
Leuckart remarks, however, that the meat was solidly frozen throughout. 

Fiedler (1864, p. 466) exposed the leg of a trichinous rabbit to an out- 
door temperature of —15° to —17° R. (—1.75° to —6.25® F.; —18.75® 
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to —21.25® C.) from January 6, 5 p. m., to January 7, 8 a. m, — e., for 
15 hours. Examined on a warm stage, the trichinae showed no movement. 
Some of the meat was fed to two rabbits on January 7, and on Febru- 
ary 7, a month later, the rabbits were killed. In one of them a few 
encysted trichinae were found. On January 16 he fed two rabbits with 
some trichinous meat which had been cut in fine pieces and exposed 
for 18 hours to a temperature of — ii® to —12® R. (7.25® to 5®F.; 
~ 1 3*75® to — i5®C.). On February 14 the rabbits were killed and 
carefully examined. No trichinae were found. 

Rupprecht (1864a) exposed trichinous meat during one night to an 
outdoor temperature of — i8®R. (—8.5® F.; —22.5® C.) and found that 
the vitality of the trichinae was not affected. 

Kfihn (1865b), according to Leuckart (1866a, p. 91), found that 
trichinous meat kept in an ice chamber for lyi months was still infectious 
and that the trichinae had lost their vitality only after the meat had been 
kept for 2 months in the ice chamber, the temperature of which was 
not given. 

Gibier and Bouley (1882a) exposed some trichinous ham for 4 hours 
to temperatures of —27° C. (—16.6® F.) and -20® C. (—4® F.). In 
the first case the interior temperature reached —20® C. (—4® F.) and in 
the second — 15® C. (5® F.). All of the trichinae were found to be dead. 
They showed no movement when warmed, and they stained in a few 
minutes with anilin blue, methyl-anilin violet, and picrocarminate of 
ammonia. Some of the meat which had been frozen was fed during 
8 days to five birds, which when examined later showed no trichinae in 
the intestine; nor had any been found in the feces. Trichinae from 
portions of the ham which had not been frozen were active when warmed 
to 40® C. and remained transparent and colorless for several days in 
staining solutions. Five birds of the same kind and age as those to 
which the frozen meat had been fed were similarly fed with the ham 
which had not been frozen, and large numbers of trichinae were after- 
wards found in the feces and intestines. 

These experiments of Gibier and Bouley seemed to show pretty clearly 
the destructive effects of low temperatures upon trichinae, but later Gibier 
(1889a) came to the opinion that the death of the parasites was to be 
explained on the ground that they had already suffered a reduction in 
vitality from the action of salt, and, hence, readily succumbed to freezing. 
This opinion was based on the results of an experiment in which he 
exposed small fragments of fresh trichinous pork for 2 hours to a 
temperature of -20® to -25® C. (-4® to -13® F.). The parasites, 
when afterwards examined on a warm stage, were found to have lost 
none of their activity. 

From the foregoing it would appear that the usual statements found 
m articles relating to Trichinella spiralis as to the resistance of this 
I»rasite to low temperatures have their principal basis in Leudcart’s 
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single experiment, to which may be added, as supplementary support, 
Fiedler’s first experiment, Rupprecht’s experiment, and Gibier’s experi- 
ment, a total of four experiments. Kiihn’s experiment perhaps has been 
considered as affording additional supporting evidence. The results of 
Fiedler’s second experiment do not offset the results of his other experi- 
ment, nor those of Leuckart’s and Gibier’s experiments, as the failure 
to get an infestation in the two rabbits which were fed meat exposed for 
18 hours to a temperature of 7.25° to 5® F. might have been brought 
about by something else than low temperature. Likewise, the results of 
Gibier and Bouley, when compared with those of Leuckart, Fiedler, and 
Gibier, tend to show only that trichinae are sometimes killed when 
exposed for a short time to temperatures below zero. The later explana- 
tion by Gibier (1889) th^^t the trichinae used in these experiments had 
lost so much vitality on account of previous salting of the meat that they 
succumbed, whereas they would not have done so if the meat had been 
fresh, has been accepted b)^ those authors who have mentioned Gibier 
and Bouley’s work. It should be noted, however, that in the experiment 
upon which Gibier (1889) based his explanation of the results of the 
earlier experiments by himself and Bouley the meat was exposed for 
only 2 hours as compared with 4 hours in the earlier experiments. 

So far as appears in the available literature, after the later experiments 
conducted by Gibier (1889), no further work on the effects of cold upon 
trichinae was done until the investigations undertaken by the present 
writer, 25 years later, the first of which were recorded briefly in an article 
(Ransom, 1914) already mentioned. 

A few additional data gathered in these investigations were given in a 
later paper (Ransom, 1915). 

Recently Schmidt, Ponomarer, and Savelier (1915) have published a 
preliminary report of some investigations of the effects of cold upon 
trichinae in which they state that a long series of experiments has led to 
the following results: 

1. A temperature of o® C. (32® F.) has no influence upon the vitality of 
encysted trichinae, even though it acts during a period of 1 1 days. 

2. A temperature of —6® C. (21.2® F.) is easily withstood by trichinae 
during a period of 10 days, but they revive slowly. 

3. A temperature of —9® C. (15.8® F.) is sometimes fatal, but not 
always. The results are not always the same; they are uncertain. 

4. A temperature of —15 to —16® C. (5® to 3.2® F.) is always fatal; 
the trichinae never revive. 

Winn (1915) exposed some trichinous meat out of doors away from the 
sun in February, 1914, for 16 days, at an average mean temperature of 
— 18.8® C. (— 2® F.) with a minimum of —25® C. (— 13® F.) and a maxi- 
mum of — 12.2® C. (10® F.). Nine guinea pigs were fed upon this meat, 
and none became infested. 
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EXPERIMENTAL WORK 
DESCRIPTION OP EXPERIMENTS 

The first experiment was carried out in Chicago in September, 1913. 
The carcass of a naturally infested trichinous rat killed on September ii 
was inclosed in a tin can and kept in a refrigerator until September 16, 
when it was placed in a refrigerated compartment known as a ‘'freezer*' 
in one of the meat-packing establishments, where it remained for nearly 
6 days — ^i. e., 5 days, 22 hours. During this time the temperature (as 
recorded by a thermometer not compared with a standardized thermome- 
ter), read once daily, varied from —3° to ~ 10® F.^ When removed, the 
rat carcass was allowed to thaw by exposure to ordinary room tempera- 
ture, after which eight trichinae were isolated by dissection. Examined 
in water on a warm stage, they were found to be shrunken and motionless. 
They were left in a moist chamber and again examined the following day, 
when they were found to be no longer shrunken, but exhibited no move- 
ment. Two more trichinae, isolated from the meat the day after removal 
from the freezer, were also found to be inactive. A guinea pig was fed 
some of the meat from the rat carcass on September 25 and was found to 
be free from trichinae when examined on October 25. 

The failure to discover any evidence of life among the trichinae isolated 
from the frozen rat carcass led to further experiments. 

In experiment 2 , a small piece of the diaphragm of another trichinous 
rat, after the carcass had been kept in an ice box for 1 1 days, was sealed 
in a vial and kept in a freezing mixture at a temperature of 4^^ to 10° F. 
for 30 minutes. No active trichinae were found on examination after 
thawing. The rest of the carcass of the same rat was then inclosed in a 
tin can and placed in a freezer maintained at a temperature of 13® to 15® F.^ 
recorded by means of a thermometer (six readings daily), afterwards 
compared with a standardized thermometer (experiment 3). After 
nearly 2 days (453^ hours) the can was removed from the freezer. 
Trichinae isolated by dissection soon after the meat had thawed and ex- 
amined in water on a warm stage were found to be shrunken and motion- 
less, but resumed their normal appearance and became active in 10 to 30 
minutes. 

In experiments 4, 5, and 6, pieces of diaphragm of an artifically infested 
rabbit were sealed in small vials and exposed to a temperature of —6® F. 
for 10, 20, and 30 minutes, respectively; none of the trichinae isolated by 
dissection from the meat after thawing showed any activity, and guinea 
pigs fed with the meat failed to become infested. 

In experiment 7 the carcass of a naturally infested rat was kept in a 

tin can in a freezer at 13® to 15® F. (six readings daily; thermometer 

— — * 

» Because of the practical bearing of the experiments upon the meat-packing industry, refrigeration 
temperatures are givem according to the Fahrenheit scale, which is the only temperature scale in commoa 
use in the United States. 
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compared with a standardized thermometer) for a period of nearly five 
days. Trichinae isolated by dissection showed slight activity on a warm 
stage. 

The methods employed in experiments 8 to 127 and a general dis- 
cussion of these experiments are given in the following pages, but it 
has been found expedient in order to save space to omit from the nar- 
rative statements of the results. These are later set forth in tabular 
form (Tables I, II). 

In experiment 8, a leg of the rabbit referred to in experiments 4 to 6 
^ was inclosed in a tin can and kept in a freezer at — 2° F. for 43X hours 
(thermometer not compared with a standardized thermometer; one 
reading daily). The next day after its removal from the freezer some of 
the meat was chopped in fine pieces and placed in the incubator (38® to 
40° C.) in a beaker containing an artificial gastric juice (water; hydro- 
chloric acid, about 0.35 per cent; and pepsin — exact quantity of pepsin 
used not recorded). Unfrozen meat from the same rabbit was similarly 
treated, using a portion of the same lot of digesting fluid. After incubat- 
ing overnight, the sediment in the beakers was washed with several changes 
of water by decanting and settling. Trichinae from the two lots of di- 
gested meat were then examined in water on a warm stage and the num- 
ber of active and inactive individuals recorded. A guinea pig was fed 
some of the meat after it had thawed, and another guinea pig was fed 
some unfrozen meat from the same rabbit as a control, both being killed 
and examined for trichinae after the lapse of a month. 

Substantially the same methods of examination and feeding of test 
animals, with control examinations and feedings, w^ere employed in 
experiments 9 to 22b. Meat from trichinous rats and rabbits was 
inclosed in tin cans, placed in freezers, which were maintained at various 
temperatures, and kept there for various periods. Portions of the meat 
were digested in artificial gastric juice and washed and examined as in 
experiment 8. Guinea pigs were used as test animals in experiments 9 
to 15, white rats in experiments 16 to 22b. 

In experiments 23 to 34 the carcass of a hog which had been arti- 
ficially infested with trichinae by feeding trichinous meat from various 
sources at intervals during a period of four months was hung in a freezer, 
the temperature of which was recorded by means of a thermometer 
(six readings daily) which had been compared with a standardized ther- 
mometer. The dressed carcass weighed about 150 pounds. The head 
was removed and kept unfrozen in a cooler to provide material for con- 
trol examinations and feedings. From time to time portions of the 
carcass were removed for examination and test feedings. The same 
methods of examination were followed as in experiment 8. Test ani- 
mals, usually white or hooded rats, were fedf and one lot of rats was 
fed unfrozen meat from the same carcass as a control. 
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In experiments 35 to 48 the carcass of another hog artificially infested 
as in the case of the hog used in experiments 23 to 34, weighing about 
125 pounds dressed, was split in halves, which were hung in two freezers 
kept at different temperatures. The same procedure as to examination 
and feeding of test animals was followed as in experiments 23 to 34. 

In experiments 49 and 50 digested meat from a trichinous rabbit, 
after washing and sedimenting with water, was inclosed in small vials, 
frozen by immersion in a freezing mixture, and the trichinae, after thaw- 
ing, examined on a warm stage. 

In experiments 51 to 55, a hog artificially infested as in experiments 23 
to 48 was slaughtered, and meat from the carcass inclosed in five i -pound 
cans which were placed in the center of five barrels 28 inches high by 17 
inches in diameter at the ends and 20 inches in diameter at the middle, 
each containing about 250 pounds of pork trimmings. The head of the 
carcass was kept unfrozen in a cooler to provide material for control 
examinations and feedings. The barrels were placed in a freezer the 
temperature of which was recorded six times daily by means of a ther- 
mometer which had been compared with a standardized thermometer. 
The barrels were removed from the freezer after 7, 8, 9, 10, and ii days, 
respectively, and allowed to thaw sufficiently to permit the removal of 
the cans of trichinous meat. Examinations of the meat were made as in 
experiment 8. White or hooded rats in lots of five or six were fed some 
of the meat on several successive days, a separate lot being fed from 
each can. 

In connection with experiments 51 to 55, it may be noted that in 
another experiment it was found that the interior temperature (deter- 
mined by an electrical thermometer) of a barrel containing 250 pounds 
of pork trimmings did not fall to the temperature of the freezer (5° to 
7® F.) from an initial temperature of 32® until the barrel had been in 
the freezer for eight days. 

In experiments 56 to 64 the carcass of the hog from which meat was 
taken for use in experiments 51 to 55 was hung in the same freezer, and 
portions were removed from time to time for examination and feeding of 
test animals, following the same procedure as in those experiments. 

In experiments i to 64, specially reared white or hooded rats were 
used as test animals whenever possible, but in some cases it was necessary, 
on account of the lack of a sufficient supply, to utilize rats whose previous 
history was not fully known; and in other cases the use of guinea pigs 
was necessary. In the remaining experiments, 65 to 127, only white or 
hooded rats were used which had been specially reared for the purpose 
on food from which there was. no possibility of acquiring an accidental 
infection with trichinae. 

The meat from six hogs was used in experiments 65 and 65a. Four 
of these were artificially infested hogs which had been fed with tridii* 
nous pork several months before they were slaughtered^ in OctobeTi 1914. 
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The two others slaughtered about the same time were naturally infested, 
having been found trichinous on microscopic examination. A shoulder 
was taken from each carcass and kept unfrozen in a cooler to provide 
material for control examinations and feedings. 

In experiment 65, trimmings were taken from each of the six carcasses 
and a quantity weighing 106 pounds was inclosed in a wooden box 
measuring 28 by 19 by 6^ inches. The box was placed in a freezer, where 
it remained for 19 days, the temperature of the freezer being recorded 
three times daily by a thermometer which was afterwards compared 
with a standardized thermometer. After removal from the freezer the 
box was allowed to thaw for 2 days. A portion of the meat was then 
taken from the middle, passed twice through a meat chopper, and 
digested and examined as in experiment 8, a control examination being 
made of a mixture of unfrozen meat from the same carcasses similarly 
prepared and digested. A definite formula was followed in the prepa- 
ration of the digesting fluid, which was mixed in the following proportions : 
Water, 1,000 c. c.; hydrochloric add (sp. gr. 1.19), 10 c. c.; scale pepsin 
(U. S. P.), 2.5 gm. Five rats were fed some of the ground meat, 50 gm. 
of which were placed in their cage on each of three days, a total of 150 
gm., an average of 30 gm. per rat. As controls five rats were fed once 
an average of 10 gm. of unfrozen meat from one of the hog carcasses, 
another lot of five, 10 gm. each from another carcass, and so on — i. e., 
30 rats in all, 5 for each hog. 

In experiment 65a, some of the same lot of frozen trimmings were 
used and were examined and fed to five rats, following the same methods 
as in experiment 65. In this case the trimmings had been made into 
sausage meat after thawing, a curing mixture having been mixed with the 
meat, containing salt equivalent to 3K per cent of the wdght of the meat. 
After the addition of the curing mixture and until it was prepared for 
artifidal digestion and feeding of test animals, the meat remained for 
two days in a cooler at a temperature of 36® to 37® F. Analysis showed 
that the meat contained 3.12 per cent of salt. In preparing it for exami- 
nation and feeding tests, the meat, immediately after it was ground up, 
was washed in water to remove the salt. 

In experiment 66, 8 pounds of meat from a naturally infested hog 
were inclosed in a box 15K by 9 by 3 inches and placed in a freezer the 
temperature of which was recorded three times daily by means of a 
thermometer which was afterwards compared with a standardized 
thermometer. After 19 days the box was removed and some of the 
meat was examined and fed to test animals, following the methods 
used in experiment 65. As controls, five rats were fed 50 gm. of 
unfrozen meat from the same carcass, an average of 10 gm. per rat. 

In experiments 67 to 71, meat was taken from the same carcasses as 
that used in experiment 65. Mixed meat from the six hogs was placed 
in five half-pound tin cans. Each can contained an approximately 



826 


Journal of Agricultural Research 


Vol. V,No.i« 


equal quantity of meat from each hog. Two of the cans were placed 
in freezers, one maintained at —9® to 0° P. (three readings daily; ther- 
mometer not compared with a standardized thermometer), the other 
maintained at 10® to 12° (three readings daily; thermometer com- 
pared with a standardized thermometer). When removed from the 
freezers, the cans were thawed at room temperature, the thawing of the 
meat from the can taken from the second freezer (10® to 12®) being has- 
tened by pulling the pieces of meat apart (experiment 71). The exami- 
nation and the feeding of test animals were carried out in the same 
manner as in experiment 65. The three other cans were placed in the 
center of boxes 28 by 19 by 6}4 inches, each containing about 100 pounds 
of pork trimmings. These boxes were placed in the same two freezers 
as the loose cans, two in the freezer maintained at the lower tempera- 
ture (experiments 67, 68), the third box in the other freezer (experiment 
70). When removed from the freezer, the boxes were allowed to thaw 
for two days. The cans were then removed and the meat examined 
and fed to rats, following the methods used in experiment 65. 

In experiments 72 to 76 meat was taken from an artificially infested 
hog which had been fed trichinous meat several months prior to its 
slaughter in November, 1914, and this meat was inclosed in five half- 
pound tin cans. A ham from the carcass was kept unfrozen, at first in 
a cooler and afterwards in an ice box, to provide material for control 
examinations and feedings. Two of the cans were placed in a freezer 
maintained at a temperature of —9® to 2® F. (three readings daily; 
thermometer not compared with a standardized thermometer), two in 
a freezer maintained at a temperature of 10® to 13® (three readings 
daily; thermometer compared with a standardized thermometer), and 
the fifth in the center of a box 28 by 19 by 6}4 inches, containing about 
100 pounds of pork trimmings, this box being placed in one of the 
freezers ( — 9° to 2®) just mentioned. 

The meat in the loose cans was allowed to thaw rapidly when removed 
from the freezers; that in the box required two days to thaw so that 
the can could be readily removed. The same methods of examination 
were followed as in experiment 65, except that some of the examina- 
tions were made in a 0.6 per cent salt (sodium chlorid) solution fol- 
lowing digestion of the meat, the digested meat in those cases being 
washed with a 0.6 per cent salt solution instead of water. The use of 
a 0.6 per cent salt solution was adopted when it was discovered that 
trichinae digested out of meat commonly become inactive if kept from a 
half an hour to several hours in water at a temperature of 32® to 40® C. 
This does not occur in cold water nor in warm salt solution. In the 
earlier experiments the use of plain water probably led to no misleading 
results, however, as every examination was controlled by an examination 
of unfrozen meat similarly treated. The same methods with reference 
to the feeding of test animals were followed in experiments 72 to 76 as 
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in No. 65. Four rats as controls were fed a total of 20 gm. of meat on 
July 8, 1915, from the ham which had been kept unfrozen since the 
slaughter of the hog — ^nearly eight months. No infections resulted. The 
trichinae had evidently died. Examination on August 25 of some of the 
meat after artificial digestion showed only a few trichinae. These were 
dead and disintegrated. There is little doubt, however, that if control 
animals had been fed early enough, they would have become infested, 
since trichinae from the unfrozen meat examined after artificial digestion 
as late as three weeks after slaughter of the hog were quite lively and 
appeared altogether normal. 

In experiments 77 to 87, meat from five trichinous hogs was used. 
Three i -pound cans (5>^ by 2^ inches) were filled with meat from the 
first hog. One of the cans was placed in the center of a box 28 by 19 by 
6 l/i inches, containing about 100 pounds of pork trimmings, and another 
in the center of a barrel of pork trimmings weighing 383 pounds net 
(dimensions of the barrel not recorded). Two cans were filled with 
meat from the second hog and two each in the case of the third, fourth, 
and fifth hogs, and one can of meat from each hog w^as placed in the 
center of a box of trimmings, as was done with one of the cans of meat 
from the first hog. A shoulder from each hog was kept unfrozen to 
provide material for control examinations. These shoulders were kept 
in a cooler or an ice box, except during the time w^hen they were in 
transit between Chicago and the Washington laboratory. 

The five boxes and the barrel were placed in a refrigerated compartment 
or freezer, maintained at a temperatureof — 2® to5°F. The five loose cans 
were placed in a freezer maintained at 12° to 16®. The boxes were 
kept in the freezer for 15 days, the barrel for 23 days, and the loose cans 
for 17 days. During the time the meat was in the freezers the tempera- 
ture was recorded three times daily, using a thermometer which was after- 
wards compared with a standardized thermometer, and found to be sub- 
stantially correct. The temperature of the freezer in which the boxes 
and the barrel were kept varied from —2® to 5® during the time the box and 
barrel containing meat from the first hog were in it. During the time the 
four other boxes were in thisfreezerthe temperature variedfrom — 2®to2®. 
The temperature of the freezer in which the five loose cans were kepf 
varied between 12® and 16° during the time the can of meat from the 
first hog was in it, and between 13® and 1 5® during the time the four other 
cans were in it. 

When the boxes were removed from the freezers after 15 days’ exposure 
to cold, they were allowed to thaw slowly until the cans could be removed, 
which required two days (three days in one case, experiment 77). The 
thawing of the barrel required five days. After removal the cans were 
forwarded by mail from Chicago to Washington, where they were kept 
after arrival in an ice box or in a cooler (temperature, above 32® F.) until 
they could be examined. The time elapsing between removal from the 
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freezer and the placing of the meat in artificial gastric juice in prepara- 
tion for examination varied between 6 and 12 days. 

In preparing the meat for examination and feeding tests, the contents 
of the can were passed twice through a meat chopper, thoroughly mixing 
the ground meat together. Fifty gm. of ground meat from each can 
were placed in a beaker containing 600 c. c. of a freshly prepared artificial 
gastric juice made by the following formula: Water 1,000 c. c., hydro- 
chloric add (sp. gr. 1.19) 10 c. c., scale pepsin (U. S. P.) 2.5 gm. (experi- 
ments 77, 78) ; or the same formula modified by the addition of 6 gm. of 
sodium chlorid (experiments 79 to 87). The contents of the beaker were 
then stirred and carefully warmed to 40° C. and the beaker placed in an 
incubator (37® to 40° C.) for 18 to 24 hours. After removal from the 
incubator the supernatant fluid was decanted off, salt solution (0.6 per 
cent) added, the contents of the beaker stirred, allowed to settle, again 
decanted, more salt solution added, and so forth, until the supernatant 
fluid remained clear and transparent. As a control upon a possibly 
injurious effect of the digestant on the trichinae, 50 gm. of ground un- 
frozen meat from the same carcasses as the frozen meat to be examined 
were placed in 600 c. c. of the same lot of digestant prepared for digesting 
the meat which had been frozen, put into the incubator, and removed at 
the same time as the other, washed in the same manner, and handled in 
all respects exactly the same as the meat which had been frozen. The 
sediment which remained in the beakers after washing and decanting was 
examined in salt solution (0.6 per cent) on a warm stage under the 
microscope. 

In the tests on animals five white or hooded rats, reared from birth on 
food from which there was no possibility of acquiring an accidental infec- 
tion with trichinae, were used for testing each lot of meat. The five rats 
were kept together in a cage and 50 gm. of the ground meat were placed 
in the cage each day for three days, a total of 150 gm. of meat, or an 
average of 30 gm. per rat. The cage was watched to see that the meat 
was all eaten. It was usually eaten promptly. The rats which died 
within the first two weeks were examined for the presence of trichinae in 
the intestine as well as in the muscles. In the case of those which died 
^ater only the diaphragm was examined. A month or more after feeding, 
the surviving rats were killed, and their diaphragms were examined. 
Through an oversight no control animals were fed with unfrozen meat 
from the five hogs from which the meat was obtained for use in this set 
of experiments (77 to 87). In view of the undoubted viability of the 
trichinae in these hogs, however, as determined by the fact that the 
trichinae obtained from digested tmfrozen meat were practically all 
active, very lively, and quite normal in all respects, this omission is not 
of great importance. 

In the next series of experiments (88 to 90)9 meat was taken from the 
shoulders of seven naturally infested hogs slaughtered during December, 
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1914, and was inclosed on January 17, 1915, in three i-pound cans by 
2H inches) , each can containing meat from all seven hogs. The shoulders 
after slaughter of the hogs were kept in a cooler at a temperature a few 
degrees above 32® F., except during the time when they were in transit 
between Chicago and Washington. Five of the seven hogs were the 
same as those from which the meat for experiments 77 to 87 was taken. 
On January 18 the three cans were placed in three freezers in New York 
City where they remained until February i , a period of 14 days or, to be 
exact, 13 days, 23 hours. The temperature of the freezers as determined 
by thermometers compared with a standard thermometer during this 
period was 4? to 7°, 8® to ii®, and 14® to 16® F., respectively (four read- 
ings daily). After removal from the freezers the cans were allowed to 
thaw at ordinary temperatures and were received for examination at the 
Washington laboratory on February 4. 

The same routine as to the examination and feeding of experimental 
animals was followed as in the preceding experiments (77 to 87) except 
that the digesting fluid used contained only 5 gm. of sodium chlorid to 
each 1 ,000 c. c. of water, instead of 6 gm. In this case, as in the preceding 
set of experiments, no control animals were fed, but it happened that the 
test animals fed with the meat exposed to the temperature of 14® to 16° F. 
became infested, so that they served as a control upon those fed with meat 
exposed to the lower temperatures. 

In the series of experiments numbered 91 to 126, the meat used was 
taken from six hogs slaughtered in Chicago prior to March 2, 1915, and 
found to be trichinous on microscopic examination. A shoulder from 
each of these hogs was sent in the fresh condition to Washington where 
it was retained in a cooler slightly above 32° F. to provide material for 
control examinations and feedings. The meat for the freezing experi- 
ments was inclosed in thirty-six i -pound tin cans (5>i by 2^ inches), 
some from each of the 6 hogs being placed in each can, so that each can 
contained a mixture of approximately equal portions of meat from all 
the hogs. On March 2, twelve of the cans were placed in a freezer 
maintained at a temperature of about 5® (5® to 6.5®), 12 in a freezer main- 
tained at a temperature of about 10® (9® to 13®), and 12 in a freezer 
maintained at a temperature of about 15® (13.5 to 15®). After 10 days— 
on March 12 — a can was removed from each of the 3 freezers and 
sent by mail to the Washington laboratory. The next day 3 more 
cans were removed as before, and so forth, the last cans being removed 
on March 25, after 23 days' exposure to cold. None was removed 
March 14 or 21, or 12 and 19 days, respectively, after they were placed 
in the freezers. The thermometers in these freezers, which were after- 
wards compared with a standardized thermometer, were read three 
times daily. 

The same routine examination was followed as in experiments 77 to 
90, described above, the formula of the digestant fluid being that used 
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in experiments 78 to 90 — i. e., water, 1,000 c. c.; hydrochloric acid (sp. 
gr. 1. 19), 10 c. c.; scale pepsin (U. S. P.)» 2.5 gm.; sodium chlorid, 5 gm. 
A mixture of unfrozen meat from the six hogs was used in control exami- 
nations. As in the preceding experiments, five rats were fed meat from 
each can, following the same routine. Control animals were fed on June 
15 with unfrozen meat from the six hogs which had been kept several 
months (since March) in a cooler. Meat from each hog was fed to two 
rats, 20 gm. being given to each two rats, an average of 10 gm. per rat. 

In experiment 127, some meat from an artificially infested hog (the 
same hog from which meat was obtained in experiments 72 to 76) was 
inclosed in a half-pound tin can, which was placed in the center of a box 
28 by 19 by 6^4 inches containing about 100 pounds of pork trimmings. 
The box was placed in a freezer in Chicago, where it remained for 57 days, 
during which time the temperature as recorded by a thermometer 
afterwards compared with a standardized thermometer varied between 
10® and 13® F. (three readings daily). After removal from the freezer 
the box was allowed to thaw for two days. The can was then removed 
and sent to the Washington laboratory. The same routine as to the 
examination and feeding of test animals was followed as in experiments 
91 to 126. 

There were no satisfactory control test animals in experiment 127, as 
the rats fed as controls in experiments 72 to 76, which would have 
served as controls in this experiment, were not fed until nearly eight 
months had elapsed since the slaughter of the hog from which the meat 
was obtained. No infestation resulted in these animals; the trichinae 
were evidently all dead. Examination of some of the meat about six 
weeks later showed that the trichinae were dead and disintegrated. The 
trichinae, however, that were examined after artificial digestion .of 
unfrozen meat from this hog as late as three weeks after slaughter 
appeared perfectly normal and were quite lively, and there is little doubt 
that control animals would have been infested if they had been fed early 
enough. 

See Tables I and II for the results of these experiments. 
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Tabls 1.— Results cf examinations and feeding tesU in refrigeration experiments with larva of TricMnella Continued 
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Table II . — Summary of results of refrigeration experiments with larvce of Trichinella 
spiralis exposed to various temperatures 


Exposure to about 

F. 

Exposure to about 
10“ F. 

Exposure to about 

S" F. 

Exposure to about 

0" F. 

Experiment No 

’O 

1 

2; 

Examination. 

Feeding tests. 

Experiment Na 

•o 

*0 

1 

Z 

Examination 

Feeding tests. 

Experiment No. 

Number of days. 

Examination. 

Feeding tests. 

Experiment No. 

Number of da^’S 

Examination. 

Feeding tests. 

3 

2 

+ 


.30 

(«) 

4 


49 

(f') 

_ 


4 

(n 




7 ' 

5 

+ 


35 

5 

4 

4 

2 

(V 

— 

— 

5 

(d) 

— 

— 

17 

5 

+ 

— 

II 

6 

4 

4 

16 

5 

— 

— 

6 

(a) 

— 

— 

IS 

S 

4 - 

— 

36 

6 

4 

— 

19 

5 

— 

— 

8 

2 

4 


20 

5 

4 - 

— 

56 

6 

4 

4 

42 

5 

4 

4 

9 

3 

4 

— 

2 \X 

6 


— 

37 

7 

4 

— 

21 

6 


— 

10 

5 

— 

— 

23 

7 

+ 

4 

51 

7 

4 

4 

43 

6 

— 

__ 

13 

5 

— 

— 

24 

0 

4 - 

4 

S 7 

7 


4 

44 

7 

4 

— 

67 

S 

4 

4 

2«: 

10 

+ 

— 

38 

8 

— 


45 

a 

— 


I 

6 

— 

— 

22 

10 

4 - 

— 

52 

8 


J- 

46 

9 

4 

— 

12 

6 

4 

— 

22a 

10 


_ 

S8 

8 

4 

+ 

47 

10 

— 

— 

U 

S 

— 

— 

22b 

10 


— 

39 

9 

4 

- 

91 

10 

— 

— 

68 

10 

4 

4 


10 

+ 

4 

53 

9 

4 

4 

48 

It 

— 

— 

69 

10 

— 

— 

2ft 

II 

f 

4 

59 

9 


4 

92 

11 

— 

— 

70 

14 

4 

— 

X16 

11 

4 - 

4 

40 

10 

4 

—• 

93 

*3 

— 

_ 

72 

*5 

— 

— 

15 

12 

— 

— 

^4 

10 

4 

4 

88 

14 

4 

— 

77 

15 

— 

— 

*7 

12 

4 - 

- 

60 

10 


4 

94 

t 4 

4 

— 

80 

15 

— 

— 

28 

13 


— 

10? 

10 

4 

+ 

95 

15 

— 

— 

82 

15 

— 

— 

117 

13 

4 - 

4 

41 

II 



96 

16 

— 

— - 

"’4 

JS 

— 

— 

29 

J 4 


4 

55 

11 

4 

4 

97 

17 

— 

— 

86 

15 

— 

— 

90 

14 

4 

4 

61 

1 


4 

98 

I.S 

4 

— 

74 

i8 

— 


iiS 

14 

4 

4 

104 

1 

4 

-»• 

99 

20 

— 

— 

75 

20 

— 

— 

119 

15 

-f 

4 

62 

12 

4 

4 

loo 

21 


— 

79 

23 

— 

— 

30 

16 

4 - 

4 

63 

13 

4 

4 

lOI 

22 

— 

— 





120 

16 

4 

+ 

*05 

, 13 

4 

4 

102 

23 

— 

— 





7 « 

17 

1- 


64 

14 

4 

— 









81 

*7 

4 

— 

89 

U 

4 

— 









83 

17 

4 

— 

105 

14 

4 

4 









121 

17 

4 

4 

73 

IS 

4 

— 









31 

I8 

4 

4 

107 

15 

-i- 

— 









8S 

18 

4 i 

I — 

loS 

16 

4 





1 



i 


87 

18 

4 ; 

— 1 

71 

17 

4 

4 









122 

18 

4 ' 

f j 

JO) 

17 

4 

— 









133 

20 

4 

1 

i J 10 

18 

4 

— 









32 

21 

4 


I ^5 

19 

4 

T 



1 




1 


124 

21 


1 

6«;a 

*9 

4 

O- 



j 

1 1 

i 




33 

22 

4 


66 

19 

4 

— 




1 





125 

22 

4 

— 

76 

20 

4 

— 





1 



1 

126 

23 

^ 4 ! 

4 

III 

20 

4 

— 



1 

1 ! 

1 


j 


34 

24 


— 

112 

21 


-- 











! 


JI 3 

22 

4 

— 













114 

23 

4 

— 











j 


..7 

57 

! + 



1 








« 30 minutes. ^^25 minutes. <■ 10 minutes. ^ 20 minutes. 


RESULTS OF EXPERIMENTS 

EFFECTS OF VARIOUS LOW TEMPERATURES UPON THE VITALITY OP TRICHIN.® 

In only one instance out of 34 experiments in which trichinous meat 
was exposed to temperatures of about 15° F. for periods ranging from 
2 to 23 days were all of the trichinae upon examination found to be inact- 
ive (experiment 15, 12 days). In most instances, although some were 
found to be inactive, a large proportion were commonly found to be 
active, not rarely as high as 98 to 100 per cent. In one case, even after 
18 days’ exposure (experiment 31), over 99 per cent of the trichinae were 
found active on examination, and in another case after 22 days (experi- 
ment 33) 84 per cent were active. 
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In 38 experiments test animals were fed meat which had been exposed 
to about 15° F. for periods ranging from 5 to 24 days, with positive 
results — e., resultant infection — ^in 17 experiments and negative results 
in 21. 

Some of the negative results were obtained in experiments in which 
the meat had been kept in the freezer for only 5 and 6 days; on the 
other hand, positive results were obtained from feeding meat which had 
been in the freezer for 23 days. Heavy infections were obtained from 
meat exposed as long as 18 days (experiment 122), but only slight infec- 
tions resulted from meat kept in the freezer for 20 days or longer (seven 
experiments), and then only in two instances: In experiment 123 (20 
days) one rat was negative, four slightly infested, and in experiment 126 
(23 days) two rats were negative, three slightly infested. 

From these results it appears that trichinous meat commonly fails to 
produce infection after exposure to temperatures of about 15° F. for 
periods of 5 to 24 days, notwithstanding the fact that many trichinae 
remain alive and are quite livel}^ when thawed out after such exposure. 
Failure to infect is probably because, first, of a reduction in the num- 
ber of live trichina and, second, of a reduction in the ^dtality of those 
that remain alive. It may be concluded that although a temperature 
of 15^ F. has an injurious action upon the vitality of trichinae, this tem- 
perature is uncertain in its effects and that meat exposed to a tempera- 
ture of 15° F. for as long as 23 days is still liable to produce infection. 
These results correspond to those obtained by Schmidt, Ponomarer, and 
Savelier (1915) who concluded from their experiments that a tempera- 
ture of — 9° C. (4- 15.8° F.) is sometimes fatal to trichinae, but not always 
and that the results of exposure to this temperature are variable and 
uncertain. 

The same authors also found that a temperature of — 6° ( -f 2 1 .2° F.) has 
comparatively little effect upon trichinae exposed to it for a period of 
10 days. 

Trichinae were found to be alive upon examination in 34 out of 35 
experiments in which trichinous meat was exposed to temperatures of 
about 10° F. for periods varying between 30 minutes and 57 days, all 
but one of the experiments having to do with periods of 5 to 23 days. 
In the one case in which all of the trichinae were found to be dead (exper- 
iment 38) the meat had been artificially digested for 2 days in prepara- 
tion for examination instead of less than 24 hours as usual, which is 
the probable explanation why none was found alive. Although there 
were no striking differences in the percentages of trichinae found alive 
as compared with the findings in the experiments in which meat was 
exposed to temperatures of about 15°, it was frequently noted that 
they were less lively than normal, commonly sluggish. In 20 of the 
experiments a record was made of the degree of activity and it was noted 
that in 19 of these the trichinae were sluggish, or at least less lively than 
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normal, and that in the twentieth they were nearly all very lively (experi- 
ment 11,6 days* exposure). It was quite noticeable in the examinations 
that the activity of the trichinae was generally much more impaired than 
in the case of meat exposed to 15®. 

In 41 out of the total of 43 experiments in which meat was exposed to 
temperatures of about 10^ F., test animals were fed, the results being 
positive in 22 cases, negative in 19. In one of the latter (experiment 
73) one out of five rats was found to be hdavily infested, but there is 
a question as to the identity of this rat; furthermore, the trichinae were 
too far advanced in development to have resulted from meat fed at the 
time the rats belonging to this lot were fed. In feedings with meat 
exposed to temperatures of about 10° for 13 days or less, heavy infesta- 
tions were commonly produced, but in 17 experiments with meat exposed 
14 to 23 days and in one with meat exposed 57 days the results of 
feeding were either negative or, if infection was produced, it was slight. 
In only 4 of these 18 experiments did any of the test animals become 
infested. In experiment to6 (14 days) three rats were slightly infested, 
two negative; in experiment 71 (17 da)’s) one was very slightly infested 
(four trichinse in diaphragm), two negative; in experiment 65 (19 days) 
four were very slightly infested, one negative; and in experiment 65a (19 
days) two were very slightly infested (four trichinge in the diaphragm of 
each), two negative. 

Summarizing the results of the experiments with meat exposed to 
temperatures of about 10° F. it may be noted that trichinae have been 
found to survive in meat exposed for as long as 57 days, though in that 
case only a small percentage, and those only sluggishly active, and that 
some survived in nearly all cases, their numbers and vitality, however, 
having been so reduced that after 14 days’ exposure either no infection 
resulted in test animals or, if infection resulted, it was very slight. 
Evidently, therefore, the effects of a temperature of 10° upon the vitality 
of trichinre are decidedly more pronounced than those of a temperature 
of 15°. 

Twenty-five experiments were carried out in vhich trichinous meat 
was exposed to temperatures of about 5° F. ; and in 23 of these, exami- 
nations were made of the trichinae after thawing. In only six instances 
were live trichina^ found. In experiment 42 (5° to 7° for 5 days) 14 
per cent of the trichinae were found to be alive, degree of activity not 
recorded. The number of live trichinae found in the five other experi- 
ments ranged from less than i per cent to 3 per cent, and they wxre all 
very sluggish (experiments 44, 46, 88, 94, 98), the periods of exposure 
to cold being 7, 9, 14, 14, and 18 days, respectively. 

Test animals were fed in 23 experiments. No infections resulted 
except in experiment 42, just referred to. In this experiment three 
rats were fed and two became moderately and one slightly infested. 
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The results of these experiments show that temperatures of about 
5° F. have a profound effect upon the vitality of trichinae. Only a 
very small proportion survive an exposure of more than five days, and 
these are so seriously affected that infections are extremely unlikely to 
occur, none having resulted in any case in which test animals were fed 
meat exposed to* temperatures of about 5® for periods ranging from 6 to 
23 days (19 experiments). % In view of the results of experiment 68, 
however, in which the temperature was —9® to 0° and the period of 
exposure 10 days, it may be concluded that slight infections may some- 
times result from meat exposed to 5® for as long as 10 days. 

The results of the experiments with temperatures of about 5° F. corre- 
spond closely to those of Schmidt, Ponomarer, and Savelier (1915). 
These authors, however, found that in their experiments a temperature 
of —15® to —16° C. (3.2° to 5° F.) was always fatal to trichinae and 
noted no exceptions such as were observed by the present writer. 

In experiments in which trichinous meat was exposed to temperatures 
of about 0° F., but ranging as low as —10° in some instances, trichinae 
were rarely found to be alive. However, 100 per cent were found to be 
alive in one experiment (No. 67) in which meat had been exposed to a 
temperature of —4° to 0° for 5 days, but in 15 experiments in which 
the period of exposure to cold ranged from 6 to 23 days trichinae were 
found alive only in three instances and less than i per cent in each case 
(experiments 12, 68, and 70). 

Test animals were fed in all but i of the 23 experiments with tempera- 
tures of about o® F. Infection resulted in two instances. Four rats 
fed in experiment 67 (—4® to o®, for 5 days) became heavily infested, 
and one out of four in experiment 68 (—9® to o®, for 10 days) showed 
three trichinae in the diaphragm, the three other rats being negative. 
In the latter case, as in the former, live trichinae had been found by 
examination of the meat; less than i per cent, however, as compared 
with 100 per cent in the former, the results of the feeding tests thus as 
usual being quite consistent wdth the results of the examinations of 
artificially digested meat, though it was unusual for infection to result 
when the examination showed such a small percentage of live trichinae 
as in experiment 68. In experiment 86 (—2® to +2®, for 15 days), 
in which no trichinae were found alive on examination of artificially 
digested meat, the result of the feeding test is considered to have been 
negative, although one of the five test rats, which died four days after 
feeding, was found to have three trichina larvae in the intestine, two of 
which were dead, whereas the other one exhibited feeble movements. 
None of these three larvae, however, had undergone any development, 
and the four other test rats were negative, so that it seems quite proper 
to conclude that the viability of the trichinae had been destroyed in the 
meat in question. 
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From the foregoing it appears that the results of exposing trichinous 
meat to temperatures of about 0° F. are similar to those produced by 
temperatures of about 5° — i. e., a few trichinae may survive exposures to 
such temperatures for 6 days or more, but their vitality will be so greatly 
reduced that there is little likelihood of their causing infection, although, 
on the other hand, slight infections may result from meat exposed as 
long as 10 days. 

A good example of the relative eflfects of different low temperatures 
upon the vitality of trichinae is supplied by experiments 91 to 126. In 
these experiments approximately equal quantities of trichinous pork 
from the same source (mixture of meat from six hogs) were exposed for 
10 to 23 days in three freezers at temperatures of about 15°, 10°, and 
5° F., respectively, a can of meat being removed from each of the three 
freezers after 10 days* exposure, another after ii days, and so on (no 
cans, however, being removed on the twelfth or nineteenth day). It will 
be observed from the recorded results (Tables I, II) that many of the 
trichinae in the meat exposed to a temperature of about 15° survived, 
and up to the tw^entieth day of exposure w^ere mostly quite lively after 
thawing. Some of those from meat exposed for 22 days were observed 
to be quite lively, and those which survived in meat exposed for 23 days 
were found to be fairly lively. From the results of the feeding tests there 
appeared to be a considerable reduction in the \dtality of the parasites 
after 17 days* exposure, notwithstanding the sur\dval of a large percent- 
age. Most of the rats fed meat exposed to about 15® for 10 to 16 days 
became heavily infested, but the 17-day meat failed to infect one out of 
five rats, and only two of the four others became heavily infested, the 
18-day meat failed to infect one out of five, the 20-day meat failed to 
infect one, the four others becoming only slightly infested, none of the 
rats fed 21- and 22-day meat became infested, and the 23-day meat failed 
to infect two and produced only light infestations in the three others. 

In the case of the meat exposed to a temperature of about 10° F. it 
was observed that the trichinae which sur\dved were relatively less 
numerous, as a rule, than in the case of the meat exposed to about 15°, 
and it was generally noted that they were less active than normal, or 
sluggish, sometimes very sluggish. The test rats, fed meat exposed for 
10 days, all became heavily infested, all five fed ii-day meat became 
infested, but one was only slightly infested, all five fed 13-day meat 
became infested, but only one was heavily infested, three out of five fed 
14-day meat became infested, but these only slightly, and none of the 
rats fed meat exposed to about 10® for 15 days or longer became infested. 
In this series, therefore, there was apparently a considerable reduction 
in the infectiousness of the meat beginning wdth that exposed for 13 
days, and after 2 days more the infectiousness became nil. 

Practically none of the trichinae in the meat exposed to a temperature 
of about 5° F. (experiments 91 to 102) survived; although living trichinae 
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were observed in meat exposed for 14 and 18 days (2 and 3 per cent, 
respectively), these were very sluggish. Furthermore, none of the test 
rats in this series became infested. 

The results of the three sets of experiments just cited demonstrate 
quite clearly that a temperature of 10® F. is more effective in destroying 
the vitality of trichinae than a temperature of 15°, and that a tempera- 
ture of 5° is still more effective, illustrating the general rule established 
by the investigations recorded in the present paper, that within certain 
limits the effect upon the vitality of trichinae becomes more pronounced 
as the temperature of refrigeration is lowered. It has also apparently 
been established that the increase in effectiveness is not uniform with 
the decrease in the temperature, but that somewhere in the neighborhood 
of 10® a critical point is reached, below which there is a sudden increase 
in the effectiveness of refrigeration. 

Summarizing the results of the various experiments with a view to 
their practical application, inasmuch as very few trichinae have been 
found to survive an exposure of more than 10 days to a temperature of 
5° F., or lower, and as the few surviving have shown only very slight 
activity, and as, moreover, trichinous meat exposed to temperatures of 
5° or lower has rarely produced infestation, and has never (in repeated 
trials) produced infestation when the period of exposure was more than 
10 days, it may be concluded that meat exposed to a temperature not 
higher than 5° for a period of 20 days will no longer contain viable 
trichinae, 10 days in this 20-day period being allowed as a margin of 
safety. It may be further concluded that, so far as our present knowl- 
edge goes, temperatures of 10° and higher are too uncertain in their 
effects upon the vitality of trichinae to justify the use of refrigeration at 
such temperatures as a means of rendering trichinous meat innocuous. 

CHANGieS PRODUCED IN TRICHINA rARVA$ BY EXPOSURE TO EOW TEMPERATURES 

Low temperatures (15° F. and lower) not only destroy the vitality of 
some or all of the trichinae which are exposed to those temperatures but 
they produce changes in the tissues of the parasites, which are apparent 
under the microscope. These changes in appearance are associated with 
reductions in the activity of the trichinae and with losses in their vitality. 

Trichinae from artificially digested unfrozen meat when examined under 
the microscope in water, or preferably in a physiological salt solution 
are found to be tightly coiled, becoming very lively when they are 
warmed to body temperature and continuing their lively movements as 
the temperature increases up to about 50° or 52° C. when they become 
sluggish and finally cease movement and die when the temperature rises 
a few degrees higher. The esophageal cellular body of the nonnal 
trichina has a bright yellowish brown color, and exhibits a certain granu- 
lation of the protoplasm; the nuclei of the cells are apparent as small, 
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clear, spherical bodies, seemingly of a vesicular nature. The gonad (ovary 
or testis) forms a continuous mass of cells closely pressed together, 
intercellular divisions and nuclei being indistinct in the living specimen. 
The body cavity forms a thin but distinct space between the internal 
organs and the parietal wall. In short, the normal living trichina larva 
freed from its capsule by artificial digestion presents a sharp clear-cut 
bright appearance which is quite characteristic but difficult to describe. 

The changes shown by the trichinae from artificially digested meat in 
experiments 118, 106, and 94 are typical of those produced by the expo- 
sure of trichinous meat to various low temperatures. In these instances 
the temperatures were 13.5° to 15®, 10.5® to 13®, and 5® to 6.5° F., 
respectively, and the period of exposure 14 days in each case. The meat 
was all of the same origin — i. e., from six hogs, mixed together, portions 
of about half a pound being inclosed in tin cans and placed in freezers 
maintained at the temperatures stated. The cans were removed at the 
end of 14 days and the meat allowed to thaw at ordinary temperatures. 
Two days after removal from the freezers the meat from each can was 
ground up, digested overnight in an artificial gastric juice, washed and 
sedimented in a 0.6 per cent salt solution and the trichinae thus obtained 
subjected to examination. As usual, for the purpose of controlling the 
results of these processes upon the frozen meat, unfrozen meat from the 
same carcasses was digested, washed, and examined in exactly the same 
manner. 

Out of 95 trichinae from the meat which had been exposed to a tempera- 
ture of 13.5® to 15° F. (No. 1 18), only one was inactive, this one being 
pale in color, and the nuclei in the cellular body having a solidified appear- 
ance. The 94 others were more or less tightly coiled when cold, and most 
of them were quite lively when warmed. The granulation of the proto- 
plasm of the cellular body differed only slightly from normal, and its color 
was nearly normal ; the nuclei showed commonly a small central point of 
more solid appearance than the remainder of the nucleus. The gonad 
either showed only slight changes from normal or the germ cells were 
rounded instead of being closely pressed together, this rounding of the 
cells occurring in only a part of or throughout the gonad. Two of the 
test rats in this experiment became heavily infested; one w^as negative; 
one showed 9 trichinae in the diaphragm; and one 3 trichinae in the 
diaphragm. 

Fifty trichinae were examined from the meat which had been exposed 
to a temperature of 10.5° to 13° F. Of these, five were inactive, pale in 
color, their coils expanded so that they resembled a figure 6, and the nuclei 
of the cellular body of the esophagus were solidified. The 45 which were 
active were more or less tightly coiled when cold, some of them being 
quite lively when warmed. The color of the cellular body was rather 
paler than normal, the protoplasm abnormally granular, the nuclei either 
not apparent or exhibiting a solidified central portion. The cells of the 
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gonad were rounded instead of being closely pressed together as in the 
normal trichina. Two out of five test rats were negative, the three others 
contained 4, 7, and 20 trichinae, respectively, in the diaphragm. 

In experiment 94, in which the meat had been exposed to a tempera- 
ture of 5® to 6.5® P., 204 trichinae were examined, 199 of which were 
inactive, and only 5 of which showed any activity when warmed, this 
consisting of a very slight movement on stimulation with a needle point. 
The coils were expanded in the form of a figure 6, or in some instances 
formed a very loose spiral. The esophageal cellular body was very pale 
in color, granulation of the protoplasm very abnormal, nuclei solidified, 
quite different in appearance from the normal vesicular nucleus. The 
cells of the gonad were rounded and more or less dissociated. Five test 
rats fed in this experiment all failed to become infested. 

The abnormal granulation of the cellular body referred to is difficult to 
describe, but it gives the protoplasm a distinctly different appearance 
from that of the cellular body of an unfrozen trichina, dull and dead- 
locking as compared with the bright appearance of the latter, the visible 
particles being much more numerous and smaller. 

Comparison of the results of these three experiments and similar 
experiments shows not only that microscopically visible changes occur 
in the minute structure of trichinae subjected to temperatures of 15® F. 
and lower, but that these changes are more pronounced in trichinae sub- 
jected to about 10® than in those subjected to about 15®, and still more 
pronounced in trichinae subjected to about 5®. These changes are evi- 
dently brought about by the low temperature, but in what way is not 
apparent. This problem probably belongs in the field of colloid chem- 
istry. There occurs perhaps a precipitation of the colloids in the tissues 
of the trichina or some change in their nature which is more or less irre- 
versible, according as the temperature is lower or higher and the period 
of exposure longer or shorter. In those cases in which the trichinae were 
examined very soon after thawing of the meat (experiments i and 3, 
for example) it was quite evident from the shriveled appearance of the 
parasites that fluid had been extracted from them during their exposure 
to cold. Trichinae thus shriveled absorb moisture after thawing and 
soon lose their shriveled appearance, again becoming active unless the 
temperature was too low and the period of exposure to cold too long 
continued. In some respects trichinae which have been frozen at a low 
temperature (5® F.) resemble those which have been dried and then 
moistened again. Ordinary drying, however, destroys the vitality of 
trichinae immediately, and the changes produced are much more marked 
than those produced by freezing. It is possible that the latter might 
be more closely simulated if the trichinae were very gradually dried and 
the drying process stopped at the proper point. As yet, however, careful 
experiments along this line have not been carried out. 
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In view of the recent discovery by plant physiologists (see Bachmann, 
1914) that sugar in plant tissues acts in some manner to protect them 
from the injurious effects of freezing so that the same species of plant is 
able to withstand a lower temperature when its tissues are loaded with 
sugar than when they contain only small quantities of this substance, 
it is of interest to note that larval trichinae contain a high percentage 
of glycogen. 

Whatever may be the explanation of the destruction of the vitality 
of trichinae and of the changes brought about by exposure to cold, the 
investigations thus far carried out are sufficient to prove that trichinae 
when exposed to temperatures of 15° F. or lower undergo changes in 
their protoplasmic structure, and if the temperature is low enough and 
the exposure to cold continued long enough these changes become so 
pronounced and so well established that the vitality of all of the parasites 
is entirely destroyed. 

VARIATIONS IN VITALITY OP TRICHINiE 

It is natural to expect that individual trichinae would vary in resistance 
to the effects of cold, and this was found to be the case. Some succumb 
much more quickly and at higher temperatures than others. In order 
to avoid misleading results on this account, meat was not used in the 
experiments unless hea\’ily infested so that large numbers of trichinae 
might be available for study, considerable quantities were used, as a rule, 
for examination and for feeding tests, several test animals (four to six) 
being generally emplo3"ed; and, commonly, mixed meat from several 
hogs was used so that the chances of including only feebly resistant 
trichinai in an experiment may be considered to have been reduced to a 
minimum in most cases. 

QUANTITIES OF MEAT FROZEN 

As already noted, various quantities of meat ranging from a gram or 
two up to nearly 400 pounds in weight were frozen in the various experi- 
ments. The rate of freezing and thawing, of course, varied with the 
quantity of meat, the change of temperature being rapid when small 
quantities, slow when large quantities were used. When very small 
quantities of meat or of fluid containing free trichinae were frozen and 
thawed within a few minutes (experiments 2, 4, 5, 6, 49, 50) the trichinae 
were apparently much more injuriously affected than when larger quan- 
tities of meat were subjected to similar temperatures for considerably 
longer periods of time. On the other hand, if the quantity of meat weighed 
half a pound or more, differences in the weight, and consequently in the 
rate of freezing and thawing, made no appreciable difference in the effect 
upon the vitality of the trichinae, as is quite evident from a comparison 
of the various experiments recorded in the tables. In short, it may be 
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stated that if the temperature to which trichinous meat is exposed is 
sufficiently low and the length of exposure sufficiently long, the trichinae 
are killed just as certainly when large quantities of meat are frozen as when 
small quantities (not less than half a pound) are frozen, variations in the 
rate of freezing and thawing dependent upon variations in the quantity 
of meat frozen being immaterial. 

VARIATIONS IN LENGTH OP TIME AFTER REMOVAL FROM FREEZER BEFORE 
EXAMINING AND TESTING MEATS 

In some cases examination of the trichinae from meat which had been 
frozen was made on the same day the meat was removed from the 
freezer or freezing mixture. When the meat was digested before exami- 
nation, it was in some instances placed in the digesting fluid the same 
day the meat was removed from the freezer, but generally one or more 
days up to a maximum of 12 days elapsed before the meat was digested 
and examined, and a corresponding period before the feeding of test 
animals was begun. 

Nearly all of the experiments were carried out in cold weather, and the 
meat after thawing, except when in transit to the laboratory, was kept 
in coolers or ice boxes until it was placed in a digesting fluid or fed to test 
animals, so that decomposition changes were slight. 

In the majority of instances the meat was placed in digesting fluid in 
preparation for examination and the feeding of rats begun within four 
days after removal from the freezer, but longer periods appeared to have 
no pronounced effect upon the results. Certainly the lapse of time did 
not favor the revival of the trichina?. For example, in experiments 77, 
80, 82, 84, and 86 the periods which elapsed between removal from the 
freezer (about o® for 15 days) and the digestion of the meat were 12, 8, 
8, 10, and 10 days, respectively; and between removal from the freezer 
and the first feedings of test animals, 13, 8, 8, 10, and 10 days, respec- 
tively, yet no trichinae were found alive on examination, and none of the 
test animals became infested. On the other hand, it did not seem that 
the lapse of time following removal from the freezer had much effect in 
reducing the vitality of surviving trichinae, though it is quite likely that 
the longer the period which elapses after trichinous meat is removed 
from the freezer the fewer the surviving trichinae will be, other things 
being equal. In experiments 126, 81, 83, 85, 87, and 78, the periods 
elapsing between removal from the freezer (about 15°, 17 to 23 days) 
and digestion of the meat were 6, 6, 6, 7, 7, and 9 days, respectively, and 
between removal from the freezer and the first feedings of test animals 
4, 6, 6, I, 7, and 10 days, respectively. A high percentage of trichinae 
were found to be alive in each case. In only one of the experiments in 
question (No. 126) did any of the test animals become infested, and this 
might be taken to indicate that the trichinae had suffered somewhat 
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because of the longer periods elapsing since the removal of the meat 
from the freezer, inasmuch as in other experiments in which the period 
of exposure in the freezer had been about the same but in which the 
meat was fed more promptly positive results were obtained in the feeding 
tests — ^i. e., in experiments 31, 122, 123, and 121, the periods elapsing 
between removal from the freezer and the first feeding of test animals 
being 2, 2, 2, and 3 days, respectively. This comparison, however, is 
not of great value, since in experiments 15, 28, 27 (meat in freezer at 
about 15® F. for 12 to 13 days), and 125 (meat in freezer at about 15° 
for 22 days) in which the meat was fed 2, 5, 5, and 4 days, respectively, 
after removal from the freezer, the results of the feeding tests were 
negative. 

Further investigation is required to determine the changes which occur 
in the vitality of trichinae when frozen meat is kept for varying periods 
of time after thawing. From the data at present available, however, it 
is quite certain that if any considerable changes occur, they are in the 
direction of a lowering of vitality and not in the reverse direction. 

In this connection it is of interest to note that in unfrozen meat kept 
over three months after slaughter the trichinae had suffered no evident 
loss in vitality, and small quantities of the meat were sufficient to produce 
heavy infestations in rats (controls, experiments 91 to 126). On the 
other hand, in meat kept nearly eight months after slaughter the trichinae 
had lost their vitality, and test rats failed to become infested (controls, 
experiments 72 to 76). 

EFFECTS OF ARTIFICIAL DIGESTION UPON TRICHINA 

As evident from the tabular statement of the experiments (control 
examinations), artificial digestion for 24 hours or less had no appreciably 
injurious effect upon the vitality of trichinae. When digested for two 
days, however, a considerable proportion of the trichinae are liable to be 
killed (experiment 32). On the other hand, if 5 or 6 gm. of salt are added 
to each liter of digestive fluid the vitality of the trichinae is not so seriously 
affected. The trichinae from unfrozen meat digested for two days in 
experiment 96 seemed as lively as usual. Trichinae, however, from meat 
frozen for 16 days at about 15® F, in experiment 120 evidently suffered 
considerably from digestion for two days, inasmuch as a smaller propor- 
tion were active and these were less lively than trichinae examined. in 
experiments 121, 122, 123, from meat frozen 17, 18, and 20 days, respec- 
tively, at about 15° F. and digested less than 24 hours. Furthermore, the 
fact that prolonged digestion in a digestive fluid containing 0.5 per cent 
of sodium chlorid is injurious to trichinae from unfrozen meat was shown 
by an experiment in which digestion w^as continued for four days. In 
this instance all of the trichinae were killed. 

Though it is possible that the methods of artificial digestion employed 
in the experiments to free trichinae from meat for examination reduced 
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their vitality so that many were found to be inactive which before diges- 
tion were still alive, the results of the examinations corresponded very 
well with the feeding tests. In fact, the examinations not uncommonly 
showed some of the trichinae to be still alive, whereas in the corresponding 
feeding tests with the same meat not artificially digested none of the test 
animals became infested. On the other hand, there was no case in the 
freezing experiments in which the feeding test resulted in infection and 
the corresponding examination failed to reveal living trichinae unless 
experiment 86 be taken as an exception. In this experiment, following 
a negative examination of digested meat, 3 larval trichinae were found in 
the intestine of one of the test rats, which died four days after the first 
feeding; one of these larvae was alive and exhibited feeble movements, 
but none of the 3 had undergone any development; the 4 other test rats 
failed to become infested. Experiment 67 was nearly an exception to 
the rule, as only 2 live trichinae were found among 285 examined, the 
feeding test resulting positively. Only one out of four test rats became 
infested, however, and this one had but 3 trichinae in the diaphragm. 
On the whole, the method of artificial digestion appears to afford a more 
rigorous test of the viability of trichinae than the feeding of experimental 
animals in view of the fact that trichinae are often found to be alive in 
digested meat when the feeding of the undigested meat to experimental 
animals fails to produce infection. 

As a rule, in testing meat it is preferable not to depend alone upon the 
results of artificial digestion or the results of feeding test animals, but to 
employ both methods and take the results of both into consideration. 

It is quite evident from the results of the experiments that artificial 
digestion is a valuable method for testing the viability of trichinae, and 
that when properly controlled its injurious effects upon their vitality are 
so slight as to be practically negligible. The following formula may be 
recommended as fully satisfactory : 


Water 1,000 c.c. 

Hydrochloric acid (sp. gr. 1.19) 10 c. c. 

Scale pepsin (U. S. P.) 2.5 gm. 

Sodium chlorid S gm. 


Fifty grams of ground meat are to be stirred into 600 c. c. of the 
digesting fluid, warmed to 38® or 40® C., and incubated for about 18 
hours at this temperature. 

LONGEVITY OF TRICHINAE AFTER ARTIFICIAL DIGESTION 

Trichinae freed from their capsules by artificial digestion have been 
kept alive in tap water for 15 days. In one case 73 out of 75 were active 
at the end of this time. When examined again, 13 days later, all were 
dead. Kept in a 0.6 per cent sodium-chlorid solution for 16 days, 41 out 
of 43 examined were alive, some of them being sluggish but most of them 
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moderately lively. In another lot kept in a 0.6 per cent sodium-chlorid 
solution for 26 days, 15 out of 24 were alive and moderately active when 
warmed. Examined again 24 days later, all were dead. In a lot kept 
in 2 per cent sodium-chlorid solution for 1 1 days, 37 out of 38 were alive 
and very active. In these instances, after digestion of the meat, the 
trichinae were washed in several changes of water or in physiological salt 
solution by decanting and settling. They were kept at ordinary room 
temperature. Numerous observations were made which showed that 
trichinae freed from their capsules by artificial digestion will be apparently 
just as lively after several days if kept in water or physiological salt 
solution at ordinary room temperature as they are immediately after 
digestion. 

If tap water containing trichinae is kept at a temperature of 38® C. 
most of them are killed in a short time, but trichinae may be kept an 
equal length of time at this temperature in a 0.6 per cent sodium-chlorid 
solution without apparent injury as shown by the following: Trichinae 
from artificially digested meat were separated into two lots in beakers, 
one containing tap water, the other a 0.6 per cent sodium-chlorid solution. 
The two beakers were heated to 38° C. and this temperature maintained 
for 2% hours. At tlie end of this time 23 out of 32 trichinae from the tap 
water w^ere inactive, whereas 18 examined from the salt solution were all 
active. The two beakers after replacing the tap water in one with a 
0.6 per cent sodium-chlorid solution were kept at room temperature until 
the following day and then reexamined. Out of 108 trichinae examined 
in the one case (heated in tap water), 8i were found to be inactive, 
whereas in the other case (healed in salt solution) all but i out of 100 
examined \vere active. 

On another occasion some trichinae in tap water were kept at a tem- 
perature of 32° C. for about half an hour. Most of them became inactive 
but resumed their activity when the water was replaced with a 0.6 per 
cent sodium-chlorid solution, although their color became darker than 
normal and vacuoles appeared in the lateral fields. 

It was on account of this discovery of the injurious effects of vrarm 
tap water that in the later experiments when meat was digested artifi- 
cially it was washed with salt solution instead of tap water, and that 
salt solution instead of tap water was used as an examination medium. 
The use of tap water in the earlier experiments, however, probably 
affected the results of the examinations little, if any, as they are evi- 
dently quite consistent with the results of the later experiments (see 
Tables I and II). The washing was done with cold tap water, and in 
examining the trichinae they were transferred a few at a time to a warm 
stage, where they were kept only a few minutes, too short a period for 
the injurious effects of immersion in vrarm water to become established, 
as was repeatedly demonstrated in using this method upon trichinae 
from unfrozen meat. 
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TEST ANIMALS 

It will be noted from Table I that of the 54 test animals (53 rats, i 
guinea pig) fed with unfrozen meat as controls upon the animals fed with 
frozen meat, only 3 failed to become infested. The rats fed as controls 
in experiments 72 to 76 are left out of consideration, as they were not 
fed until nearly eight months after the slaughter of the hog from which 
the meat was taken. Examination of some of the meat artificially 
digested nine months after slaughter of the hog showed that the trichinae 
were dead. One out of three rats fed as controls in experiments 23 to 34 
showed no infection, the two others being heavily infested. Out of 29 
rats fed as controls in experiments 65, 65a, and 67 to 71, i showed no 
infection, 27 of the remaining 28 showing heavy infections. Finally, i 
out of 12 rats fed as controls in experiments 91 to 126 showed no infection, 
but this one was killed four days after feeding for another purpose and 
as only a small portion of the intestine was examined, trichinae may have 
been present and were not discovered; 8 of the remaining rats were 
heavily infested; in the case of the 3 others the degree of infestation was 
not recorded. 

These results, particularly in view of the fact that the control animals 
as a rule received much smaller quantities of meat than those fed on meat 
which had been frozen, demonstrate the adequacy of the methods em- 
ployed in feeding test animals. The results of the later experiments, how- 
ever, beginning with No. 23 are considered more reliable, so far as the 
feeding tests are concerned, than those of the earlier experiments, as more 
animals were used and care was taken to feed larger quantities of meat. 
The method of feeding each lot of test rats together in a cage a certain 
amount of meat on several successive days, followed in most of the experi- 
ments, appeared to be quite satisfactory. Undoubtedly some of the rats 
in each lot ate more of the meat than others, so that some inequality in 
the degree of infestation of the rats would be likely, which, however, was 
of little importance, as the results of the feeding tests were judged upon the 
basis of the findings in all of the rats in each lot. The use of a number of 
rats for each test allowed larger quantities of meat to be tested, which gives 
a decided advantage over the use of a single animal. For the same reason, 
rats are preferable to guinea pigs, as they will eat of their own accord much 
larger quantities of meat than can readily be fed to guinea pigs forcibly 
or by mixing with lettuce, cabbage, etc. Furthermore, it is difficult to 
induce guinea pigs to eat chopped meat mixed with lettuce or other 
materials if the meat has become only slightly tainted, whereas rats 
usually eat meat readily even after it has become very stale or partially 
decomposed. 
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SUMMARY AND CONCLUSIONS 

Prior to the investigations recorded in the present paper very little 
experimental work had been done upon the effects of cold upon encysted 
trichinae, and the current belief was that low temperatures do not seri- 
ously affect the vitality of these parasites. This belief is shown to have 
been erroneous by the results of numerous experiments. 

Quantities of trichinous meat varying in weight from a few grams to 
nearly 400 pounds were frozen and kept for periods varying from a few 
minutes to 57 days at various temperatures below the freezing point of 
water. Usually the process of refrigeration was carried out in cold- 
storage compartments known as freezers, but in a few cases in which 
the low temperature was maintained only a short time, a freezing mix- 
ture was employed. In most cases the period of refrigeration was be- 
tween 5 and 20 days. The meat on removal from the freezer was gen- 
erally allowed to thaw slowly at ordinary house temperatures; in a few 
cases, in order to study the effects of rapid thawing, the process was 
hastened by breaking apart the pieces of frozen meat so that they 
thawed completely in a few minutes. Generally the meat after thawing 
was treated as follows : A portion was chopped or ground into fine pieces, 
placed in an artificial gastric juice, and incubated at 38® to 40° C. over- 
night, and then washed with water or a physiological salt solution by 
decanting and sedimenting. The sediment containing th(‘ trichinae 
isolated from their capsules was examined microscopically on a warm 
stage, and the number of inactive and active ones recorded, together 
with such other observations as appeared worthy of remark. For the 
purpose of controlling the effects of \he process of digestion, some 
trichinous meat, nearly always from the same carcass as the frozen 
meat, which had been kept in an unfrozen condition, was digested at the 
same time, using some of the same lot of digesting fluid. Another por- 
tion of the frozen meat after thawing was fed to test animals, in most 
cases to white or hooded rats specially reared to avoid chances of acci- 
dental infection; as a rule, five rats were fed, receiving the meat on sev- 
eral successive days. Finally, unfrozen meat from the same carcass 
as that used in a given refrigeration experiment was fed to control test 
animals, usually in much smaller quantities than in the case of the 
frozen meat. In some instances no control test animals were fed. The 
test animals as they died, or after about a month if they lived that long, 
were examined for trichinae, the intestines as well as the diaphragm 
being examined if they died within the first two weeks after feeding; 
otherwise only the diaphragm. About 30,000 trichinae were examined 
from artificially digested frozen and unfrozen meat, and over 500 test 
animals and control animals were fed and examined. 

A considerable proportion of the trichinae in meat exposed to a tem- 
perature of about 15® F. for periods of 23 days or less survive and are 
17212®— 16 3 
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quite lively after thawing, but such meat frequently fails to infect test 
animals. This temperature is injurious to trichinae, but its effects are 
uncertain, and meat exposed as long as 23 days has proved to be infec- 
tious. Some of the trichinae in meat exposed to a temperature of about 
10® for periods of 57 days or less generally survive, but the meat fre- 
quently fails to infect test animals. A temperature of 10° is more inju- 
rious to trichinae than a temperature of 15°, but, like the latter, its effects 
are uncertain, although meat exposed to it for 14 days or longer has 
generally failed to produce infestation; or if infestation resulted it was 
slight. No infestation has been produced by trichinous meat exposed 
to a temperature of about 10® for 20 days or longer. 

Apparently in the neighborhood of 10° F. a critical point is reached 
below which the effects of cold upon trichinae become suddenly much more 
pronounced. 

Temperatures of 5® F. or lower profoundly affect the vitality of tri- 
chinae. Only a very small proportion survive an exposure of more than 
five days, and these are so seriously affected that infections are very 
unlikely to result. Slight infections, however, have resulted from meat 
exposed to a temperature of —9° to o® for 10 days. 

Trichinae from meat exposed to temperatures below 15° F. when exam- 
ined microscopically after thawing exhibit changes in the appearance of 
the protoplasm. A temperature of 10® produces greater changes than 
15®, and the changes produced by a temperature of 5° are still more j^ro- 
nounced. The more conspicuous of these changes are more or less loss 
of color of the esophageal cell body, more or less solidification of its nuclei, 
abnormal granulation of its protoplasm, and more or less dissociation 
and rounding of the germ cells. 

Trichinae vary in their resistance to cold, and some individuals survive 
refrigeration longer and at lower temj)eratures than others. 

Within certain limits the rapidity with which trichinous meat freezes 
or thaws has no appreciable effect upon trichinae. Apparently the rapid 
freezing and thawing undergone by very small pieces of meat (a few 
grams in weight) adds to the injurious effects of lefrigeration, but the 
natural variations in the rate of freezing and thawing dependent upon 
variations in the quantities of meat frozen between limits of half a pound 
and several hundred pounds do not noticeably modify the effects of 
refrigeration upon trichinae. 

The vitality of trichinae which survive refrigeration does not decrease 
noticeably during a period of at least a week after the thawing of the 
meat. 

The artificial digestion of trichinous meat for 24 hours at a temperature 
of 38® to 40® C. in a fluid consisting of water, 1,000 c. c., hydrochloric 
acid (sp. gr. 1.19), 10 c. c., scale pepsin (U. S. P.), 2.5 gm., and sodium 
•chlorid, 5 gm., has no apparent effect upon the activity or structure of 
the trichinae, released from their capsules by the process of digestion. 
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Trichinae thus released from their capsules may remain alive and retain 
their normal activity for 10 days or more when kept in a 0.6 per cent 
sodium-chlorid solution at a temperature of about 20® C., and have been 
found alive and moderately active at the end of 26 days. They may 
likewise be kept alive for two weeks or more in tap water at a temperature 
of about 20*^ C. Trichinae have been kept alive and very active for 1 1 
days in a 2 per cent sodium-chlorid solution at a temperature of about 
20*^ C. Trichinae in tap water warmed to a temperature of 38° C. become 
inactive within a few hours, but may be kept in a 0.6 per cent sodium- 
chlorid solution at this temperature for a similar length of time without 
apparent injury. 

In the practical application of refrigeration as a means of destroying 
the vitality of trichinae, meat should be refrigerated at a temperature not 
higher than 5° F. for not less than 20 days, a period which allows a 
probable margin of safety of nearly 10 days. The employment of higher 
temperatures of refrigeration as a means of destroying the vitality of 
trichinae is not justified in the light of our present knowledge because of 
the uncertainty of the effects of such temperatures. Whether tempera- 
tures higher than 5° F. may be safely employed by lengthening the period 
of refrigeration remains to be determined. 
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RELATION BETWEEN CERTAIN BACTERIAL ACTIVITIES 
IN SOILS AND THEIR CROP-PRODUCING POWER 


By PSRCY Edgar Brown, 

Chief in Soil Chemistry and Bacteriology, Iowa Agricultural Experiment Station 

INTRODUCTION 

Soil-bacteriological investigations in the past have dealt almost ex- 
clusively with the occurrence and activities of micro-organisms in the 
soil, and no attempt has been made, from the standpoint of crop pro- 
duction, to interpret the results obtained. 

A knowledge of the relation of soil bacteria to soil fertility is of con- 
siderable importance, however, if the subject is to be of any value in 
practical agriculture. While, therefore, much work on methods remains 
to be done, so much knowledge concerning bacterial action in soils has 
been accumulated during the last few years that it seems time now to 
call attention to the practical phase of the subject, to attempt at least 
to correlate the results secured with known facts regarding soil fertility. 

The purpose of these experiments has been to study certain bacterial 
activities in held soils in the attempt to secure information regarding 
their relation to the actual crops produced. If special methods of soil 
treatment exert similar effects on certain bacterial activities and on crops, 
it may be assumed that there is a fairly definite relation between the 
two, and the particular bacterial activities in a soil may indicate its 
crop-producing power. Thus, if in laboratory tests the ammonifying 
power, the nitrifying power, or the azofying power of a soil is enhanced 
by some method of soil treatment and the crop production is also in- 
creased, the conclusion that ammonification, nitrification, or azofication 
and crop production are very closely related would be well warranted. 
Tests of such bacterial action in soils would therefore constitute a means 
of ascertaining their crop-producing power, and the importance of obtain- 
ing advance information along this line is evident. 

Experiments covering many years of varying seasons and including 
tests of all varieties of treatments must, of course, be carried out before 
any definite conclusions can be reached. The experiments reported 
here were secured on three series of plots under definite systems of 
treatment, and it was intended in undertaking the work to carry it on 
for a long period of years before attempting to draw conclusions. Inas- 
much, however, as the particular plots were of necessity relinquished, 
owing to the development of certain departments of the State College, 
and studies of a like nature can not be undertaken on new plots until 
several years of special treatment have elapsed, it has been deemed 
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expedient to assemble the data obtained up to the present time and to 
offer them as a preliminary contribution along this line. The fact that 
many of the data are rather positive in nature has been an added reason 
for presenting them at this time. Portions of the results have been 
published in other connections, while others have not previously been 
reported, but in either case average results only are included here. 

FIELD SOILS STUDIED 

Three series of field plots have been used in this work, one consisting 
of 14 plots one-tenth of an acre in size, located on a uniform soil in the 
Wisconsin drift-soil area, and classed by the United States Bureau of 
Soils as Carrington loam. 

Prior to 1907 it had been under a regular 4-year rotation and had 
been subjected to no special treatment of any kind. In that year the 
plots were differentiated according to the following plan: 

Plot No. Treatment. 

601 Continuous corn. 

2 -year rotation. Com and oats. 

3-ycar rotation* Com, oats, and clover. 


607 r2-year rotation* Com and oats, clover plowed under after the 
608 j ' ’ ’ \ oats. 

609^ j'2-ycar rotation: Com and oats, cowpeas plowed under after 
610/* ** t the oats. 

901 1 f 2-year rotation* Com and oats, rye plow’ed under after the 

902/’ *’*1 oats. 

903 .... Continuous clover. 

904 4-year rotation: Cora, oats, and clover. 


The first tests of these soils were carried out in 1911, the fourth year 
of the special treatment. Results were secured also in 1912 and 1913, 
only a few data being obtained in the latter year owing to the pressure 
of other work, but the ammonification studies were complete. During 
each season only those plots under com were examined, as the effects of 
previous treatment could, of course, hardly be studied on plots under 
different crops, and furthermore it would be evidently impossible to 
compare the crop yields on the various plots if the same crop were not 
grown. Different plots in this series were thus examined in the different 
years, but in each case the same treatments were included in the study. 

The second series of plots consisted of 5 one-tenth-acre plots on the 
same soil area and on the same soil types as the previous series. In the 
fall of 1910 these plots were subjected to the special treatments indicated 
below : 

Plot No. Treatment. 


1004 * . . Check. 

8 tons of manure per acre. 

12 tons of manure per acre. 

tons of manure per acre. 

tons of manure per acre. 
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The study of these plots was carried out in 1912, the crop grown that 
year being corn. 

The third series of plots was composed of 3 one-twentieth-acre plots 
located on the same soil type as the other series. 

Special treatment on these soils consisted in the application of lime as 
follows : 

Plot No. Treatment 

510 . . .... Check. 

509 . . 2 tons of ground limestone per acre. 

50S 3 tons of ground limestone per acre. 

The lime was applied to these plots just prior to the com planting, and 
the tests of the soils were carried out later in the same season. 

BACTERIOIvOGICAL METHODvS 

The solution method for testing bacterial activities in soils has been 
studied in some detail by several investigators, and, while results of much 
value have been secured by its use, there are certain difficulties attendant 
upon it which have not yet been obviated. These difficulties have been 
discussed in another publication ^ and need not be entered upon here. 
The use of soil itself as a medium for studying bacterial activities in field 
soils seems at the present time the most logical method. Modified solu- 
tions such as have been suggested in recent work ^ can hardly be con- 
sidered as satisfactory as soil itself in representing the physical and 
chemical conditions in field soils, leaving out of account entirely the 
bacteriological factor. 

The addition of various materials to soils in laboratory tests to permit 
the accumulation of the particular products of bacterial action which it 
is desired to measure has been studied. Dried blood, cottonseed meal, 
and casein have proved the best for aminonification ; dried blood and 
ammonium sulphate for nitrification; and mannite for azofication. 

In this work various modifications of the soil method were employed 
for the reason that the tests were carried out during a period of several 
3^ears through which experiments on methods were also being conducted. 
The results, using the different methods, are all included, however, as they 
all tend in the same direction, and conclusions are based on a study of the 
entire mass of data secured. 

EXPERIMENTAL WORK 
TESTS ON ROTATION PLOTS BN 1911 

Four samplings were made during 1911 — on June 26, July 8, September 
16, and October 25 — and tests made of the soils for their ammonifying, 
nitrifying, and azofying powers. The yield of corn was secured from 
the plots examined. 

1 Brown, P. E. Methods for bacteriological examination of soils. Media for quantitative determination 
of bacteria in soils. Iowa Agr. Exp. Sta. Research Bui. ii, p. 379-407. 1913. 

* X/>hnis, Eelix, and Green, H. H. Methods in soil bacteriology. VII. Ammonification and nitrified* 
tion in soil and solution. In Centbl. Bakt. [etc.], Abt. a, Bd. 40. No. 19/ax, p. 457-479. 19x4. 
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Complete data obtained in this work have been given in another place,* 
and hence only summarized results are included here. 

The results of the ammonification tests with dried blood and cottonseed 
meal are given in Tables I and II, respectively. The nitrification tests 
with ammonium sulphate and dried blood appear in Tables III and IV, 
and the azofication results are given in Table V. 

Tabi.15 I . — Ammonification of dried blood on rotation plots in IQII 


Plot No. 

Quantity of nitrogen. 

Test I. 

Test 2. 

Test 3. 

Test 4. 


Mgm. 

Mgm. 

Mgm. 

Mgm. 

601 

171. 11 

220. 74 

108. 76 

no. 58 

602 

178. 07 

231- 38 

117. 86 

1 16. S4 

604 

188. 82 

243. 60 

133- 43 

I3I. II 


173. 22 

229. 63 

129. 78 

124. 82 

609 

179. 96 

238. 53 

ii8- 53 

1 16. 84 


174- 7S 

232. 08 

117.04 

1 14. 88 


TablU II . — Ammonification of cottonseed meal on rotation plots in igii 


Plot No 

j Quantity of nitrogen. 

Test 1. 

Testa. 

Test 3 . 

Test 4. 


Mgm. 

Mgm. 

Mgm. 

Mgm. 

6oi 

142. 01 

163. 32 

102. 13 

111. oS 

602 

144' 54 

168. 74 

no. 09 

122. 17 

604 

151. 18 

177. 81 

120. 18 

126. 64 


145- 49 

168. 21 

131. n 

123. 49 

609 

148. 50 

I7I. 00 

105. 78 

119. 02 

901 

144.07 

165. 94 

1 12. 73 

II5- 55 


TablB III . — Nitrijicaiion of dried blood on rotation plots in IQII 


Plot No. 

Quantity of nitrogen. 

Test I. 

Test a. 

Test 3. 

Test 4. 


Mgm. 

Mgm. 

Mgm. 

Mgm. 

601 

12. 442 

19- 883 

1 1. 864 

13- 797 


IS- 196 

23.311 

14. 629 

17- 433 


20. 776 

27. 087 

18. 173 

24. 032 


IS- 078 

22. 884 

16. 410 

22. 211 

609 

18. 798 

25. 226 

13- 453 

15. 048 

901 

13. 962 

20. 713 

12. 711 

14. 014 


^ Brown. P. E Bacteriological studies of field soils. II. The effects of continuous cropping and various 
rotations. Iowa Agr Exp. Sta. Research Bui. 6, p. aix-246. 191a. 
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Tabl]$ IV . — Nitrification of ammonium sulphate on rotation plots in igii 


Plot No. 

Quantity of nitrogen. 

Test I. 

Test 2. 

Testa. 

Test 4. 


Mgm. 

Mgm. 

Mgm. 

Mgm. 

6oi 

5. 019 

17 - 577 

7 - 56s 

8. 086 

602 

8. 075 

21. 625 

9.788 

II. 789 

604 ... . 

12. 630 

24. 517 

12. 903 

19. 419 

607 

7. 066 

21. 477 

11-357 

13 - 749 

6og 

II. 908 

22. 978 

9. lOI 

10. 620 

QOI 

6. 724 

21. 477 

8. 310 

9 - 6SS 


Table V. — Azofication tests on rotation plots in igii 


Plot No. 

Quantity of nitrogen. 

Test I. 

Test 2. 

Test 3. 

Test 4 . 


Mgm. 

Mgm. 

Mgm. 

Mgm. 

601 

9 - 50 

3 - 93 

13- 5* 

10. 32 

602 

17. 46 

15-07 

19. 92 

17- 52 


20. 64 

18. 25 

23. 12 

20. 72 

607 ... 

14.27 

17-46 

20. 72 

18. 32 

609 

18. 25 

15-87 

18. 32 

16. 72 


14. 27 

II. 88 

16. 72 

15. 12 


The variations in the amount of moisture in the different plots at the 
same samplings were very small and the differences in bacterial activities 
which were found could not, therefore, be attributed to the different 
moisture conditions in the plots. 

The yields obtained with com on the various soils are given in Table 
VI, and comparing these wdth the ammonification, nitrification, and 
azofication results it will be noted that there is a remarkably good 
agreement. 

Table VI. — Yield of corn on rotation plots in igii 


Plot 

No 

Treatment 

Yield per 
acre 

601 

Continuous com 

Bu. 

35 - 5 

602 

2-year rotation . . . 

46. 0 

604 

607 

3-year rotation 

50- 7 
52. 7 

2 -year rotation; clover turned under 

609 

2 -year rotation; cowpeas turned under 

' 32- 5 

901 

2 -year rotation; rye turned under 

43-2 


The ammonification results with the dried blood and cottonseed meal 
did not always run exactly parallel, but the differences were slight, and 
in most cases the same comparisons were secured, so they need not be 
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considered separately. The same is true of the nitrification results with 
ammonium sulphate and dried blood. 

Furthermore, the ammonification, nitrification, and azofication results 
are all in close agreement as to the relative effects on each of the various 
treatments; and, hence, the bacteriological results may be compared as 
a whole with the crop yields. 

An examination of the tables reveals the fact that a greater crop yield 
was secured where the 2 -year rotation was followed than on the con- 
tinuous coin plot, and a still greater yield was secured where the 3-year 
rotation was followed. Exactly the same relations were found in the 
ammonification, nitrification, and azofication results. 

Where the clover was introduced into the 2-year rotation as a green 
manure a greater crop yield was obtained than where it was not used. 
Furthermore, a slightly greater yield was obtained than on the 3-year 
rotation plot. The bacteriological results are not in accord with these 
differences; but in most cases the variations were not large, and the 
differences in crop yield were not great. Hence, the lack of agreement 
here should not be considered of great significance. 

When cowpeas were used in the 2-year rotation, however, the yield 
was abnormally depressed. The bacterial activities were also depressed, 
but not to so great an extent. Evidently some unknown factor inter- 
fered here, as such a depression is hardly explainable. Where rye was 
turned under in the 2 -year rotation the yield was less than on the regular 
2-year rotation plot, and corresponding depressions were noted in the 
bacterial activities. 

It is apparent that the ammonification, nitrification, and azofication 
results as a whole show a surprisingly close relation to the crop yield. 
Nitrification and ammonification tests frequently proceed in the same 
direction, and it is possible that after many confirmatory tests have been 
carried out it may be found that only one of these bacteriological tests 
of soils needs to be made. At the present time, however, the data 
available along this line are insufficient to warrant the interpretation of 
the results from one process as fitting another. 

It is hardly expected, however, that azofication results will run parallel 
with ammonification and nitrification tests in any large number of studies. 
Conditions which favor the latter processes need not necessarily favor 
azofication. 

These results as a whole, therefore, indicate that under normal soil 
conditions the ammonifying and nitrifying powers of soils may reflect 
fairly accurately their crop-producing power and show quite accurately 
the relative yields which will be secured. Only in special cases can 
similar dependence be placed on azofication results. These tentative 
conclusions have been further tested and are borne out by the later 
results. 
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TESTS ON ROTATION PLOTS IN 1912 

The same series of plots was used in 1912 in the study of the relative 
effects of different rotations on bacterial activities and on crop produc- 
tion, but in some cases different individual plots were employed, as again 
only those which were cropped to com were examined. 

Ammonification tests were carried out by the dried-blood-air-dry-soil 
method with inoculum from fresh soil, the casein-fresh-soil method, and 
the dried-blood-fresh-soil method. The nitrifying power was tested by 
the ammonium-sulphate-air-dry-soil method and the ammonium-sul- 
phate-fresh-soil method. These methods were under investigation at 
the time of this study, and comparative tests of their efficiency have been 
reported in the work already referred to.^ 

Four samplings were made during the year — on August 9, August 19, 
October 7, and October 26. The variations in moisture content of the 
soils at the various dates were so slight that the differences observed 
could not be attributed to that factor, and the results of the determina- 
tions are not included here. 

The crop yields were obtained from the plots as in the previous year. 

The ammonification results appear in Tables VII, VIII, and IX, the 
nitrification results in Tables X and XI, and the crop yields are given in 
Tabic XII. 


Tabi,]® VII . — Ammonification of dried blood in air^dry soil of rotation plots in IQ12 


Plot No. 

Quantity of ammonia (in milligrams of nitrogen) 

Test I 

Test 3. 

Test 3. 

Test 4. 


148. 33 

54 - 93 

124. 78 

122. 43 

603 

157- 55 

66. 31 

130. 27 

127. 92 

605 . . 

1 170. 09 

79 - 77 

138. 71 

138. 71 


172.65 

82. 40 

141. 85 

143 - 42 


168. 53 

75 - 73 

136. 95 

130. 67 

902 

151-27 

64. 15 

125. 17 

1 19. 09 

904 . 1 

161. 08 

71. 61 

131. 06 

I 138. 21 


TablU VIII . — Ammonification of dried blood in fresh soil of rotation plots in igi 2 


Plot No. 

Quantity of ammonia (in milligrams of nitrogen) 

Testi. 

Test St 

Testa. 

Test 4. 


106. 34 
no. 66 

68.66 

80.05 

50. 81 
65. 14 

73-77 

74.02 

72 - 59 
58. 86 

54.74 

62. 39 

6o§: ■ 

417. 32 

88.28 

78.87 

71. 02 
74.66 
71. 41 


. «S- 9 S 

TOO 6*7 



73 * 3 ® 
82. 90 

02. 19 
69. 17 


1 14. 14 

OO. 20 


Brown, P. E. Op. dt. 
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Table IX. — Ammonification of casein on rotation plots in igi2 


Quantity of ammonia Cin milUframs of nitrogen). 


Plot No. 

Test I. 

Testa. 

Testa. 

Test 4. 


61. 80 

64. 84 

58.66 

55 - 33 


67. 30 

71. 80 

6s- 13 

66.31 

60s 

71. 61 

76. 52 

68.47 

69-45 

608 

72. 39 

79. 07 

70.63 

72. 79 


68. 67 

73-37 

67. 29 

69.25 


62. 78 

69. 06 

63. 18 

62. 39 

904 

67. 10 

73-37 

67. 10 

68. 67 


Table X. — Nitrification of ammonium sulphate in the air-dry soil of rotation plots in igi2 


Plot No. 

Quantity of nitrates (in millisrams of nitrogen). 

Test I. 

Test a. 

Testa. 

Test 4. 


10. 431 

12. 443 

8.444 

7- 23a 

603 

13. 489 

16. 751 

12. 427 

II- 333 

605 . . 

15. II4 

18. 941 

IS- 546 

14. 557 


15. 250 

23 - 931 

16. 524 

15- 250 


14. 196 

18. no 

15. 208 

14. 733 

902 

12. 695 

12. 893 

9.914 

10. 936 

904 

14 - 434 i 

17. 410 

14. 946 

14. 686 


Table XI. — Nitrification of ammonium sulphate in the fresh soil of rotation plots in igi2 


Plot No 

Quantity of nitrates (in milligrams of nitrogen) 

Test I 

Test 2 

Testa. 

Test 4. 


11.944 

15- 300 

7- 183 

6. 844 

603 

12. 728 

16. 601 

10. 69s 

9- 776 

6°5 

14. 682 

22- 583 

12. 462 

12. 154 


15- 520 

25. 078 

13- 784 

14. 224 


13- 559 

18. 264 

12. 233 

13- 999 


II. 960 

IS- 837 

7- 789 

10. 629 

904 

13. 060 

17.414 

10. 981 

13. 166 


Table XII. — The yield of corn on rotation plots in igi2 


Plot 

No. 

Treatment. 

Yield per 
acre. 

601 

Continuous com 

Bu, 

cft 0 e 

603 

60s 

60S 

Cora and oats 

5 '“'- ^0 
63. 12 
69. 00 
74.00 
68. so 

CO. CO 

Cora, oats, and clover 

Cora and oats; clover turned under 


Cora and oats; cowpeas turned under^ 


Cora and oats; rye turned under 

Cora, com, oats, and clover 

67.50 
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If these results are examined, it is found that practically uniform 
agreement was secured with the various methods — ^i. e., the relative 
ammonifying powers of the soils were the same whether the dried-blood 
or the casein method was employed, and it made little difference whether 
the dried-blood-air-dry-soil method was employed or the dried-blood- 
fresh-soil method was used. Similarly, in the case of nitrification, the 
same relative results were obtained whether the air-dry-soil method or 
the fresh-soil method was employed. It is unnecessary, therefore, to 
consider the results individually, and comparisons will merely be made 
between the bacterial results and the crop yields. 

The largest crop yield was obtained in this year on the plot under the 
2-year rotation with clover turned under. Similarly, the greatest 
ammonifying power and the greatest nitrifying power were foimd in this 
soil. The soil under the 3-year rotation (com, oats, and clover) was 
second in crop yield and in bacterial activities; the 2-year rotation with 
cowpeas as a green manure induced a slightly smaller crop yield and 
lower bacterial action; the 4-year rotation was still lower; the 2-year 
rotation (com and oats) lower yet; the 2 -year rotation with rye turned 
under gave a still smaller crop yield and lower bacterial action; and the 
continuous-crop plot was at the bottom of the list. 

It is evident from these results that the ammonification and nitrifi- 
cation of nitrogenous organic material in soils and their crop-producing 
power are very closely related and that tests of the power of soils to 
produce ammonia or nitrates may be an indication of their crop-producing 
power, or at least of their relative crop-producing ability. Previous 
results are also confirmed regarding the similarity of the effects of soil 
treatment or ammonification and nitrification. Such need not always be 
the case, of course, as it is possible to conceive of conditions affecting 
the nitrifying organisms which do not similarly affect the ammonifiers, 
but it seems to be the case that in ordinary field conditions the two proc- 
esses are quite similarly affected by treatment and probably only one 
process need be tested to gain some idea of the relative crop-producing 
power of soils. 

TESTS ON ROTATION PILOTS IN 1 91 3 

The experiment on the same series of plots was continued in 1913, 
different individual plots being used for com. 

Three samplings were made during the season — on August 15, August 
23, and August 26. Ammonification tests only were carried on, owing to 
the pressure of other work; and only one method, the casein-fresh-soil 
method, was employed. The crop yields were obtained as previously. 
Again, the moisture content of the soils at the different samplings varied 
so slightly that the differences may be considered negligible from the 
standpoint of the effects of treatment. 

The results of the ammonification tests appear in Table XIII, and the 
crop yields are given in Table XIV. 
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Table XIII . — Ammonification of casein on rotation plots in igi^ 


Plot No. 

Quantity of nitroeen. 

Aug. IS. 

Aug. 23. 

Aug. 26. 


Mgm. 

68. 38 

Mgm. 

60. 82 

Mgm. 

55-67 


71-56 

63- 47 

59*31 

606 

78-74 

69-59 

64-05 


74.89 

66.35 

63- 15 


73-53 

64-45 

60. 52 


75 - 6S 

68. IS 

63.46 


74.28 

65.21 

60.97 


Table XIV. — Yields of corn on rotation plots in igij 


Plot 

No. 

Treatment. 

Yield per 
acre. 

601 

Continuous com 

Bu. 

30.0 

53-3 

602 

2-year rotation: Com and oats 

606 

3-year rotation: Com, oats, and clover 

68.0 

607 

2-year rotation: Com and oats; clover turned under 

64. 0 

609 

2-year rotation: Com and oats; cowpeas turned under 

60. 0 

901 

2 -year rotation: Com and oats; rye turned under 

65*3 

904 

4-year rotation: Com, com, oats, and clover 

62. 6 


Comparing the results, it is apparent that the indications of fertility 
given by the ammonification studies were borne out by the actual crop 
yields. The rank of the soils both in ammonifying power and in crop 
production was as follows: 


Plot 

No. 


Treatment. 


Rank. 


606 
901 

607 
904 
609 
602 
601 


3- year rotation 

2 -year rotation; rye turned under 

2 -year rotation; clover turned under . . 

4- year rotation 

2-year rotation ; cowpeas turned under 

2 -year rotation 

Continuous com 


1 

2 

3 

4 

5 

6 

7 


The results of these studies check those of previous years, therefore, 
and indicate that ammonification and crop production are very closely 
related and that the determinations of the ammonifying power of soils 
made during the growing season may show their relative crop-producing 
powers. 

The plots in this series, as will be noted, ranked differently each year, 
both in crop yields and in bacterial activities, but it is not purposed to 
enter here upon a discussion of the reasons for such variations. The 
seasonal conditions, especially as regards rainfall, were undoubtedly of 
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prime importance. It will be noted, however, that the rotation of crops 
increased in every case both the crop yield and the bacterial activities. 
The use of green manure in the 2-year rotation sometimes proved more 
valuable than the 3-year rotation, and sometimes was of less value. 
This was probably due also to the moisture conditions. The point of 
importance here is, however, the fact that, regardless of seasonal condi- 
tions or of the effect on crops under particular conditions, bacterial 
activities and crop production were relatively similar. 

TESTS ON MANURED PLOTS IN 1912 

The manured plots were studied in 1912. Amrfionification results were 
obtained by the casein-fresh-soil method, the dried-blood-air-dry-soil 
method, and the dried-blood-fresh-soil method; and nitrification tests 
were carried out by the ammonium-sulphate-air-dry-soil method and the 
ammonium-sulphate-fresh-soil method. Four samplings were made dur- 
ing the season — on August 2, August 15, August 22, and September 9. 
The moisture conditions in the soils varied so slightly that they could not 
be considered of significance, and they are not included here. Crop 
yields were secured, corn being grown on the plots as in the other series. 

Complete data from these experiments have been reported in another 
place ^ and only summarized results are given here. 

The ammonification results are given in Tables XV, XVI, and XVII, 
the nitrification results in Tables XVIII and XIX, and the crop yields 
in Table XX. 


Table XV^ — Ammonification of dncd blood in the fresh soil of manured plots in igi 2 


Plot No 

Quantity of nitrogen. 

Test I. 

Test a. 

Test 3. 

Test 4. 


Mgm, 

] 

Mgm, 

Mgm. 

Mgm. 

1004 

66. 90 

97 

73- 57 

66. 71 

1005 

84. 76 

92. 21 

83- 97 

70. 63 

1006 

86.32 

106. 34 

98. 88 

85-54 

1007 

97. QO 

109.47 

98. 88 

84-95 

1008 

86. 72 

95 - 74 1 

1 

87- 50 

76.91 


Table XVI. — Ammonification of casein on ^manured plots in igi 2 


Plot No. 

Quantity of nitrogen. 

Testi. 

Test 2. 

Testa. 

Test 4. 


Mgm. 

Mgm. 

Mgm. 

Mgm. 

1004 

37- 87 

68. 27 

67.49 

51.60 

1005 

46. 89 

73 - 57 

72. 79 

58. 86 

1006 

SI- 79 

77 - SO 

78.87 

66.32 

1007 

51- 99 

78. 48 

79.46 

63. 7a 

1008 

48. 78 

75 - 14 

74- 75 

60. 42 


^Brown.P.E. Bacteriological studies of field soils. 111. The effects of barnyard manure. lowaAgr. 
Exp. Sta. Research Bui. 13, p. 431-448. 1913. 
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Tablis XVII . — Ammonijication of dried blood in the air-dry soil of manured plots in igi2 


Plot No. 

Quantity of nitrogen. 

Test I. 

Test 9. 

Tests. 

Test 4. 

IQQA 

Mgm, 

80. 44 
94. 76 
100. 06 
100. 85 
95 * 75 

M gni. 
III. 83 

II7* 33 

131- 25 

137 - 14 
128. 90 

Mgm. 
106. 34 

109.47 

122. 23 
124. 00 

1 13. 80 

Mgm, 

102. 81 

1005 

1006 

1007 

1008 

• 

II7. 13 
127. 92 
133- 02 
122. 62 


Tabi*]® XVIII . — Nitrification of ammonium sulphate in the air-dry soil of manured plots 

in igi2 


Plot No. 

Quantity of nitrogen. 

Test I. 

Test 2. 

Tests. 

Test 4. 


M gm. 

Mgm, 

Mgm. 

Mgm, 

1004 

8- S °7 

14. 794 

12. 500 

9. 2II 

1005 

9. 326 

15- 453 

13-693 

10. 262 

1006 

10. 000 

17. 710 

14. 392 

12. 593 

1007 

II- 655 

18. 712 

16. 401 

12. 446 

1008 

10. 0C4 

16. 696 

14. 662 

10.444 


Tabi.® XIX . — Nitrification of ammonium sulphate in the frcshsoilof manured plots in igi2 




Quantity of nitrogen. 



Test 1. 

Test 2. 

Tests. 

Test 4. 

1004 

Mgm. 

s- 576 

Mgm. 

10. 946 

Mgm. 

10. 283 

Mgm. 

9. I4I 

1005 

7- 259 

12- 583 

12. 543 

10. 000 

1006 

8. 470 

16. 733 

14. 142 

12. 698 

1007 

10. 282 

18. 694 

15. 641 

13. on 


8. 125 

16. 164 

12. 949 

10. 528 


Tablb XX. — Yield of corn on manured plots in jgi2 


Plot 

No. 

Treatment, | 

Yield per 
acre. 

1004 

1005 

1006 

Check 

But 

50- 50 

77.6a 
86. 00 
87.00 
81. 00 

8 tons of manure 

12 tons of manure 

1007 

XO08 

16 tons of manure 

20 tons of manure 
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If tbe residt^ secured in the ammonification tests are examined, it is 
seen that the e&ecte ci the manure were the same whatever method was 
employed. It is unnecessary, therefore, to consider the different results 
individually. Similarly in the case of nitrification, the fresh-soil and 
air-dry-soil methods 3delded similar results, and general condudons only 
need be drawn. 

If the bacterial results as a whole are compared with the crop yidds, it 
is found that there was exact a^eement. Applications of manure in* 
creased the ammonifying and nitrifying powers of the soil, and the crop 
yidd was also increased. Further gains in bacterial action and also in 
crop yidds were obtained as the amount of manure applied was increased, 
but the maximum effect was obtained with the use of 16 tons of manure 
per acre. Beyond that point increasing the quantity of manure de- 
creased both bacterial action and crop yields. 

These results therefore check the previous observations that ammoni- 
fication and nitrification tests may often run paralld. Previous results 
are also confirmed regarding the rdation between crop yidds and cer- 
tain bacterial activities. Tests of the ammonifying power of soils or of 
their nitrifying powers apparently indicate quite accurately their crop- 
produdng powers. 

TESTS ON LIMED PLOTS IN 1911 

The three plots in this series were sampled during 1911 on June 21, 
July 6, September 14, and October 24. Ammonification tests were made 
by the dried-blood and cottonseed-meal methods, nitrification by the 
ammonium-sulphate and dried-blood methods, and azofication by the 
mannite method. Crop yidds were secured as in the other series studied. 
Complete results of these tests have been reported,^ and only average 
results are given here. 

The ammonification results appear in Tables XXI and XXII, the 
nitrification results in Tables XXIII and XXIV, the azofication results 
in Table XXV, and the crop yields in Table XXVI. 


Table XXI . — Ammonification of dried blood on limed plots in igii 


! 

1 

Plot No. 

Quantity of nitrogen. 

Testx. 

Testa. 

Test 3. 

Test 4. 

eio 

Mffm, 

207. 17 

208. 12 
214. 13 

Mffm, 

206. 60 

207. 30 
235. 22 

Mffm, 
128.06 
144 . $1 
155 - 59 

Mffm, 
129. 78 
140 - 05 
149- 3 a 

eoo 

IS:..: :... 



^ Brown, P. E. Bacteriological studies of field soils. I. The effects of lime. Iowa Agr. Exp. Sta. 
Research Bial. s> P* x^xa. 

17212^—16 i 
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OuaoUty of nitrogea. 


Plot No. 

Test I. 

Test a. 

Testa* 

Test 4. 


Mgm , 

131. 26 

132. 68 
142. OX 

Mffm * 

157- 23 
l6x. 06 
179. 58 

Mfftn * 
X26. 22 
14X. xs 
ISX..22 

Mem - 
X24. 32 
130, 28 
X37-90 





Tabi^xC XXIII . — Nitrification of dried Hood on limed plots in igzi 


Quantity of nitrogen. 


Plot No. 

Test!. 

Testa. 

Testa. 

Test 4. 


Mom. 

* 3 - 745 
15-844 

21. 9II 

Mgm. 

27. 056 
33 - 857 
39. 686 


Mem. 

14. 570 
18. 434 
22. 946 


fS:::;:;::::;:;::::::;:;:::;:;:::;;:: 



Tabi^B XXIV . — Nitrification of ammonium sulphate on limed plots in igii 


Plot No. 

Quantity of nitrogen. 

Testi. 

Testa. 

Testa. 

Test 4. 


Mgm. 

8.737 

10.547 
X4. 822 

Mem. 

24.987 

25- 475 
29- 034 

Mem. 

X4. 298 
20. X46 
24. o6x 

Mgm. 

8. 762 

743 
l ^. 890 


Si:":::;.'.:;.".:;”:;.::::::";"::: 



TablB XXV . — Azofication tests on limed plots in igii 


Plot No. 

Quantity of nitrogen. 

Test X. 

Test a. 

Testa. 

Test 4. 

_ ... . 

CIO 

Mgm. 

5 - 52 
15 * 07 

26. 2X 

Mgm. 

2 . 34 
16.66 
30.19 

Mgm. 

XX. 89 

25-41 

38.93 

H 





Table XXVI . — Yield of corn on limed plots in tgix 
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The mxmmtoMcatim r^lts by the two methods employed weie very 
similar, as also were the nitrification results; hence, these results need 
not be considered separately. 

If the bacterial tests are compared with the crop yields, it is found that 
the lime increased ammonification, nitrification, and azofication in the 
soils, and the crop yield was similarly increased, the larger amount of 
Ume bringing about the greater effect on the bacteria but exerting no 
further incre^ng effect on the crop grown. 

These results as a whole therefore check those obtained on the plots 
under other methods of treament and show that bacterial transforma- 
tions of nitrogenous compounds in the soil or, rather, the ability of soils 
to bring about the simplification of nitrogenous materials or the addition 
of nitrogen, may be considerably modified by various methods of soil 
treatment. Furthermore, they check previous results in showing that 
certain bacterial activities in the soil may be very closely related to the 
actual crop-producing power of the soil. The ammonif5dng power of 
soils, their nitrifying power, or even, in certain cases, their azofying 
power may therefore indicate the crop-producing power of soils or, at 
least, their relative crop-producing power. 

CONCLUSIONS 

(1) These experiments as a whole represent a line of investigation in 
soil bacteriology which it is believed will ultimately place the subject on 
a more practical basis — a basis which will permit the direct application 
of the results obtained to the solution of soil-fertility problems. 

(2) The relations between the bacterial activities studied and the actual 
crop yields on these plots have proved so striking and so consistent that 
it was felt that accidental coincidence had been practically eliminated 
and the results might be considered to give a strong indication that 
certain bacterial activities in field soils are very closely associated with 
crop yields.* 

(3) Furthermore, the tentative conclusion presents itself that tests of 
such bacterial activities in the laboratory may indicate quite accurately 
the crop-producing power of a soil or, at least, the relative crop-producing 
power of several soils. 

(4) If, further, more exhaustive tests confirm these preliminary obser- 
vations, it may be possible to secure advance information regarding 
the crop-producing power of soils by means of laboratory tests of bac- 
terial action in those soils. 
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AGGLUTINATION TEST AS A MEANS OP STUDYING THE 
PRESENCE OF BACTERIUM ABORTUS IN MILK 

By L. H. CooLEDOE, 

Research Assistant in Bacteriology t Michigan Agricultural Experiment Station 
INTRODUCTION 

In the investigation of the effect on milk of the diseases of the cow, 
with special reference to infectious abortion, it was found desirable to 
examine a large number of samples to determine whether or not Bacte- 
rium abortus Bang was being passed with the milk. The cultural and 
animal-inoculation methods were the only ones found available for 
this work. 

The cultural method devised by Nowak ^ takes advantage of the fact 
that newly isolated cultures require an atmosphere partially depleted of 
oxygen. This atmospheric condition is obtained by growing the agar 
streaks from suspected material in a closed jar with Bacillus subtilis, 
having i sq. cm. of culture surface to each 15 c. c. of jar capacity. While 
the author has isolated Bact. abortus from milk sediment by this 
method, it is too tedious a process to apply to any number of samples. 
Plates are likely to be overgrown with colonies of fast-growing organisms, 
and the method has the further disadvantage of requiring several weeks 
to isolate and identify the cultures. 

Evans ^ succeeded in isolating Bact, abortus from milk by plating on 
ordinary lactose agar .to which 10 per cent of sterile blood serum was 
added just before plating. After incubating for four da.ys, the colonies 
which developed were transferred to nutrient broth containing i per cent 
glycerin and to tubes of whole milk containing litmus. 

The other method of study, the inoculation of guinea pigs with the 
milk, while more reliable, is far from satisfactory, owing to the fact that it 
takes 8 to 10 weeks for the lesions to develop, and it is probable that the 
organism must be present in large numbers to cause the characteristic 
lesions with the 5 c. c. of milk used for inoculation. 

> Nowak. Jules. Le bacUle de Bang et sa biologie. In Ann. Inst. Pasteur, t. sa, no. 6, p. 541-556, pi. 5-7. 
1908. 

* Evans, Alice C. BacUhas abortus in market milk. In Jour. Wa^. Acad. Sd.. y. $* no. 4, p. taa-ns, 

19x5* 
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In studying the presen<:e oi Bad. abortus in milk it found neces* 

sary to d^dop new technic in order to study a large number of samples. 
Knowing that this organism is sometimes present in considerable num- 
bers in milk as it comes from the cow’s udder, it was thought that this, 
might indicate an infection of the udder and a consequent local produc- 
tion of antibodies. With this in mind, agglutination and complement- 
fixation tests were made, using milk and milk serum, instead of the usual 
method of using blood serum. Bad, abortus was used as antigen. The 
object of this paper is to report upon this method. 

TBCHNIC EMPLOYED 

ComplEment-eixation test. — ^The complement-fixation test as used 
by Surface ^ and others, was employed in this work. Rennet milk serum 
was used in the following quantities: o.i, 0.04, 0.02, and 0.005 c. c. Milk 
was considered positive only when the tube containing 0.04 c. c. of 
serum was positive. Preliminary tests run upon samples 6f milk show 
that the agglutination and complement-fixation tests correspond closely. 
For this reason only the results of agglutination tests will be given in 
this paper. 

Agglutination test. — Antigen was prepared for the agglutination 
test by growing a culture of Bad, abortus upon ordinary agar for 48 hours. 
The growth was then washed off with a solution containing 0.9 per cent 
sodium chlorid and 0.5 per cent phenol. The suspension was then 
filtered through a coarse filter paper and standardized so that the tur- 
bidity compared with tube 1.5 of McFarland’s nephelometer.* Four c, c. 
of this bacterial suspension are placed in each of the small test tubes 
used and the following quantities of milk added: o.i, 0,05, 0,025, o.oi, 
and 0.005 c. c. In this way approximate dilutions of i to 50, 1 to 100, 

I to 200, I to 500, and i to 1,000 were obtained. It was found that 
turbidity due to the whole milk added did not interfere with the reading 
of the reaction. When a dilution lower than i to 50 was made, rennet 
milk serum was used. 

For the experiment given in Table I, a cow was selected whose milk 
had given a negative agglutination reaction since first tested, October 
10, 1914, using Bad, abortus as antigen. Thirty-five c. c. of a 48-hour 
broth culture of Bad, abortus was introduced into the right rear quarter 
after it had been milked dry. As shown in the table, the agglutinins 
had appeared in the right rear quarter the following day and soon spread 
to the other quarters. This spreading was probably brought about by 
the organism being carried from quarter to quarter upon the hands during 
milking. After the cow freshened the reaction was seen to gradually 
die out. 

^ Satitce, P. M. The diagnosis of infectious abortion in cattle. Ky. Agr. Ecp. Sta. Bui. i66, p. 301-965, 
mi, 

Joseph. The nephelometer. . . In Jour. Amer. Med. Amoc., v. 49, no. 14. p, 

9m. 
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Taws I. — Ttti showing the appearance in miSt «f agglutinins for Bacterium abortus 
(fter the introduction into the cow’s udder cf a pure culture of Bact, abortus Bang n 

( Agi^tiiutlon reaction at middle of milkinff, when various ciuantities oi milk were added to test tubes 

containing bacterial suspensionl 
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s The 4*, and P signs used in all the tables refer to agglutination reaction in the corresponding tube. 
For instance, 4*++P— indicates that agglutination took place in the tubes containing o.x, 0.05, and o.oas 
c. c. of milk, fiartial agglutination took place in the tube containing o.oz c. c. of milk, and there was no 
agglutination in the tube containing o.oos c. c. ctf milk. 

In all cases, unless otherwise stated, the milk was taken a little before what was estimated to be the 
middle of the milking. 

^ 35 c. c. of a 48-hour broth culture of Bact. abortus introduced into right rear quarter. 

calved. Bull calf died on Mar. 13, Z9X5. owing to undigested curd. Reactum of blood of calf; 
*->ag|^utination; -l-complement>fixatiou test. 

Table II gives the history of milk from a cow with a record of fre- 
quent abortions. As shown in the table, the isolation of Bact. abortus 
from the milk and the results of guinea-pig inoculation prove the presence 
of this bacterium, as indicated by agglutination reactions. 

Tabi^B II. — History of milk from a cow with a record of frequent abortions 

[Agglutination reaction at middle of milking, when various quantities erf milk were added to test tubes 

containing bacterial suspension] 
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In Table III the record of milk from another cow is given. Here 
again we have positive agglutination coupled with abortions and milk 
shown to contain Bad. abortus by guinea-pig inoculation. 

Tabi,S 111.— History of milk from a cow with a record of frequent abortions 

[Agglutkuitioa reactioti at middle of milkina. when various ouantities of milk were added to test tubes 

containing: bacterial suspension] 
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a Guinea pigs inoculated intra-abdominally with milk from each quarter had typical Boot, aborhu 
lesions when autopsies were performed lo weeks later, 
b Aborted a 7-month fetus. 

a Right rear quarter. xxMutive guinea-pig inoculation. Right front quarter lost, and left rear and left 
front quarters negative. 
d Aborted a 7-month fetus. 


In Table IV is given the record of milk from a cow that has never 
aborted. On June i6, 1915, agglutinins had appeared in all but the 
left front quarter. Guinea-pig inoculations made on June 30 were 
positive for infectious abortion in all but the left front quarter. On 
October 16, 1915, the reaction had spread to the left front quarter. 
Milk from this quarter is now being tested by guinea-pig inoculation. 


Tabl9 IV . — History of milk from a cow that has never aborted 

[Agglutination reaction at middle of milking, when various quantities of milk were added to test tubes 

containing bacterial suspension] 
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dOilNe* ws.inocuiated intra-abdominally with milk from each quarter had typical Bact* oboiim 
hMloBaiKBa blood reactions, with exception of left front quarter, whidh was normal. 
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While, in Tables I to IV, a positive agglutination test points to the 
presence of Bact abortus in the milk, this is not always true if judged by 
guinea-pig inoculation. In several cases the writer was unable to get 
positive lesions in guinea pigs with milk from all four quarters that gave 
a positive agglutination reaction. In these instances it is probable that 
the agglutinins were coming from the blood stream, or, if due to a bacte- 
rial invasion of the udder, the bacterium may have been present in too 
small numbers to cause lesions in guinea pigs with the 5 c. c. of milk used 
for inoculation. In the instances of agglutination with negative guinea- 
pig inoculation it was noticed that the reaction from quarter to quarter 
seemed to be fairly constant. In the tables given, the reaction is seen to 
vary a good deal from quarter to quarter. This, the writer believes, 
indicated that in the cases of reaction without pathogenicity to guinea 
pigs the agglutinins were coming to each quarter from a common source 
the blood.* 

Though many samples of milk have been inoculated into guinea pigs, at 
no time has a sample been found with a negative agglutination test that 
would produce the typical lesions of infectious abortion. 

The present value of this test is that it enables one to select from a herd 
the cows whose udders may be infected with Bact, abortus. The com- 
paratively small number separated by this method may then be examined 
by guinea-pig inoculation and cultural methods. 

If Bact, abortus is found to be pathogenic for humans, as has been 
suggested by Melvin,^ this test may be of value as another means of 
safeguarding certified and all unpasteurized milk. 

From observations and tests now being made it appears that it may be 
possible to differentiate samples in which the agglutinins come from the 
blood from those in which the agglutinins are produced in the udder. 

SUMMARY. 

A pure culture of Bacterium abortus Bang introduced into the milk 
dstem of a cow's udder caused the appearance of agglutinins in the milk. 

In every case in which Bact. abortus was found present in the milk by 
animal inoculation the agglutinins for this organism were also found, but 
this bacterium was not found in every case in which agglutinins were 
demonstrated. 

The agglutination test is of value in studying the presence of BocL 
abortus in milk when it is desired to study a large number of samples. 

If Bact, abortus is found to be pathogenic for humans, this test may be 
of value as another means of safeguarding certified and all tmpasteuiized 
milk. 


> Melvin, A. n. Inlectiausabortionofcattleand the occurrence of its bactetinm la milk. I.««-Introduo 
lory ftatettimt. In U. 8 . X>ept. Agr. Bur. Anim. Indus. aSth Ann. Rpt. xoxz, p. Z37-Z3A 






BORON: ITS ABSORPTION AND DISTRIBUTION IN 
PLANTS AND ITS EFFECT ON GROWTH 


By F. C. Cook, 

Physiological Chemistt Bureau of Chemistry 
INTRODUCTION 

The experiments reported in this paper were made in connection with 
a cooperative study of borax and calcined colemanite as larvicides for 
the house fly conducted by the Bureaus of Entomology, Chemistry, and 
Plant Industry, of the Department of Agriculture. The object of this 
particular study was to determine the effect of boron-treated horse 
manure on plant growth and to study the absorption of boron and its 
distribution in the roots, stems, and fruit of plants grown on soil fer- 
tilized with this manure and on soil fertilized with untreated manure. 
The plants were grown in pots in the greenhouses of the Department 
and on open plots at Arlington Experimental Farm, Va.; Dallas, Tex.; 
Orlando, Fla. ; and New Orleans, La. Analyses of the soil from several 
treated and untreated plots are included.^ 

Certain deposits of boron have been known for centuries, but the wide 
distribution of this element in mineral and vegetable matter has been 
recognized only during the last few years. Probably the first to record 
the presence of boron in plants were Wittstein and Apoiger (14),* who 
fotmd it in the seeds of Maessa picta. Since then many observers have 
found boron in soils, rocks, fruits, and vegetables. 

As soils in many places contain boron, it is not surprising that this 
element is widely distributed in small amounts in plants. It is also 
probable that boron is present in nearly all animal material. Bertrand 
and Agulhon (3) report its presence in the hair, horns, bones, liver, and 
muscles of animals. They detected boron in 27 species of animals, and 
state that it probably exists in all animals, being more common in those 
of marine origin. Boron was also found in human, asses’, and cows’ 
milk and in the eggs of the chicken, turkey, and goose. 

The toxic effect of boron on plants was first shown in 1876 by Peligot 
(12), who noted a yellowing of the leaves of beans and reported that in 
many cases the yellow leaves fell from the plants. The previous year 
Heckel (8) reported that 1.25 per cent solutions of alkali borate retarded 
germination for from one to three days, and that 3 per cent of the alkali 
borate solutions stopped germination entirely. Loew (10, p. 374) states 

> Tlie writer desires to express his thanks to Hr. W. D. Hunter, of the Bureau of Bntomolocy, lor hia 
material assistance in arransinv for the experiments in the South. 

‘Reference is made by number to '* I^iterature cited.** 889-690. 
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that catain algs, sudi as ^wogyta aad Vaucheda, ate resistant to the 
action of boron. Morel (ii), however, states that very weak solutions 
of boric add arrest the development <d lower fungi and siniilar organisms. 
He suggests that boric add may be used, like copper, to attadc such 
diseases as mildew and anthiacnose. The effect of boron on the lower 
plants, fungi, yeasts, etc., has been but little studied. 

.Agulhon (i) and Bertrand (2) have stated that boron in small amounts 
acts as a stimulant to plant growth. Pellet (12) calls attention to some 
experiments which indicate that compounds of both manganese and 
boron, dngly and combined, have no effect on the growth or yidd of the 
sugar beet. He condudes that the results of other workers claiming a 
stimulation are too few and are untrustworthy. 

Many investigations regarding the effect of boron on plants and plant 
growth have been reported, but no attempt to review all such experi- 
ments is made in this paper. For a review of this subject the publication 
of Hasdhoff (7) and the recent work of Brenchley (4), where various 
inorganic plant poisons and stimulants are discussed, should be consulted. 

EXPERIMENTAL WORK 

Very few of the previous studies have induded a quantitative estima- 
tion of the boron present in plants, and no experiments concerning the 
effects of calcined colemanite (crude caldum borate) on plant growth 
have been reported. As both borax and caldned colemanite are valuable 
larviddes for the house-fly maggot, it seems advisable to determine the 
effect of manure treated with both borax and caldned colemanite on the 
growth of a variety of plants. 

The manure used in these tests was treated with the amounts of borax 
or caldned colemanite noted in the tables, and stood in the open for 10 
days before it was applied to the soil. For the plot tests, the manure 
was applied at the rate of 20 tons per acre and was then plowed under, the 
grotmd harrowed, and sometimes rolled and reharrowed, before planting. 
In nearly all of these experiments borax or caldned colemanite was 
applied to the manure in larger quantities than were required to act as a 
larvidde — ^i. e., 0.62 per pound per 8 bushels, or 10 cubic feet. When the 
manure was mixed with the soil at the rate of 20 tons per acre, 216 pounds 
of borax per acre were present. Furthermore, the manure was not 
allowed to stand and leach for longer than 10 days; consequently, practi- 
cally the entire amount of borax added reached the soil. 

When 0.62 pound of borax was applied to each 8 bushels of manure 
and the wdght (tf 8 bushels of manure estimated at 115 pounds (the 
average wdght of fresh manure containing a large amount of straw), 
100 pounds of manure contained 0.54 pound oi borax, and when the 
manure was applied to the soil at the rate of 1 part to 40, the percentage 
of t»ron in the soil, calculating the weight of 'i acre of soil 6 inches deep 
as j, 780, 000 pounds, was 0.0015. 
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Tests with toixiato {Lycopersicon esculentum) and lettuce {Lactfuca 
saiiva) were made on plants which had been grown in boxes in green- 
houses until they were 2 to 3 inches high, when they were transplanted in 
their respective pots containing the mixtures of manure and soil. The 
potatoes (Sdanum tvberosum) tested were of the Green Mountain variety 
and the seeds used in growing the other plants were common varieties. 
The percentages of boric add as recorded in the tables are calculated 
to a water- and ash-free basis. At least four pots for each treatment 
were employed in the pot tests. The plots at Arlington Farm were one- 
twentieth of an acre and those in the South about one-sixtieth of an acre 
in size. The tests with lettuce were carried out in benches, each 3 by 5 
feet. 

DESCRIPTION OP METHODS 

Many tests for determining boron in foods and other material have 
been devised. When small amounts are present, as was the case in the 
present experiments, it is determined colorimetrically, using curcumin, 
the active prindple in turmeric {Curcuma longa L.), a characteristic red 
color bdng given when boron is present. 

In preparing the samples, the roots were separated from the plants. 
Both roots and plants were washed, dried, and cut into small pieces for 
analysis. In some cases the fruit also was tested. In such instances it 
was washed, dried, and ground for analysis. Boron was determined by 
the use of freshly prepared strips of curcumin paper, prepared by immersing 
large unfolded filter paper in a 0.2 per cent alcoholic solution of curcumin. 
The procedure was as follows : About 3 gm. of a dried sample were treated 
with sufficient saturated lime water to make the reaction alkaline. After 
a thorough mixing in platinum dishes, the samples were dried and heated 
in a mufile until all of the organic matter had burned off. Ten c. c. of 
water and a little hydrochloric acid were added and the solution was 
warmed, filtered, washed, and made to 100 c. c. volume. A 50 c. c. 
aliquot was usually taken for the determination of the boron, but this 
varied according to the amount present. To the 50 c. c. aliquot, or a 
smaller aliquot diluted to 50 c. c., placed in small porcelain evaporating 
dishes, 2 c. c. of hydrochloric acid were added, and strips of curcumin 
paper were suspended and allowed to dip into those solutions to the 
depth of one-fourth of an inch. In all cases standard boric-add solu- 
tions, as wdl as blanks, were simultaneously employed. After four 
hours the colors on the strips of paper were compared and the percentage 
of boric add determined. 

In the case of soils, the boron soluble in weak hydrochloric add, not 
the total boron, was determined. Fifty gm. of soil were shaken with 
200 c. c. of a solution of hydrochloric add (1:20) for one hour. This was 
filtered and 100 c. c. of the filtrate made alkaline with lime water, evapor- 
ated to dryness, and ashed. The ash was addified with hydrochloric 
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add aad the solutioti made to too a a 50 c* <x aliquot being mcA for 
the colorimetric test. In some cases larger amounts of soU were used 
for the t^ts. From 2 to 3 gm. of the plant samples were used for moisture 
and aril determinations,^ 

RESULTS OF EXPERIMENTS 

The results of the experiments are expressed in all the tables and text 
as percentages of boric acid. Some analyses of boron soluble in weak 
hydrochloric-acid extracts of soils are also reported. The form of the 
combination of the boron in plants is not known. The boron of soils is 
in part present in insoluble combinations with silica, and the absence of 
acid-soluble boron in some soils may be thus explained. Ash results are 
also reported for most of the plants analyzed. Separate analyses of the 
tops, roots, and fruits are tabulated. 

In Table I analyses showing the distribution of ash and boron in the 
tops and roots of wheat (Triticum spp.) and beets {Beta vulgaris) 3 
months old, grown in the presence of calcined colemanite and borax, 
with and without the addition of lime, are recorded. More boron was 
found in the tops than in the roots of both plants. The beets absorbed 
more boron than the wheat plants, especially from the soil treated with 
calcined colemanite. All of the control plants contained a little boron. 


Table I. — Percentage of boron in wheat and beets: Greenhouse pot tests^ 


Se- 

ries 

Ko. 

Treatment of manure per 8 
bushels. 

j 

Wheat (dry basis). 

Beets (dry basis). 

Tops. 

Roots. 

Tops. 

Roots. 

Ash. 

Boron 

asboiic 

acid. 

ash-free 

basis. 

Ash. 

Boron 
as boric 
acid, 
ash-free 
basis. 

Ash. 

Boron 
as boric 
acid, 
ash-free 
basis. 

Ash. 

Boron 
as boric 
add, 
ash-free 
basis. 

X 

0.75 pounds of calcined cole- 

Per et. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

s 

Perct. 

Perct, 


! manite added 

15 - 5 S 

0. 0x03 

30.00 

Trace. 

33. xo 

0.03x5 

< 7*74 

0*0030 

3 

; 1.5 pounds of calcined coleman- 










ste added 

ia »96 

• 0097 

34 * 76 

Trace. 

at. 69 

.0403 

X3.75 

.0035 

3 

X pound of borax added 

X 3 * 58 

•0097 

33-48 

0.0008 

83. 39 

.0x20 

14. 53 

*0054 

4 

X pouxid of borax and x ounce of 










lime added 

8. 5 X 

. 0 X 33 

2 X * %Q 

• 0039 

33.09 

• 0 X 93 


• COM 

5 

X pound of borax and 3 ounces of 
limb added 

9*63 

• 0X05 

35.69 

.0044 

33.77 

.0X54 

X 4 * X 3 

*0087 

6 

x pound of borax and 9 ounces of 










lime added 

XX. 07 

•0X73 

36. 34 

Trace. 

30 . 36 

.0063 

X4.4X 

.0047 

7 

Control 

9. so 

• 00X3 

33.76 

Trace. 

83.80 

j 

Trace. 

X4. 56 

•00x3 


o Forty parts of soil and x part of boron-treated manure were mixed in all the pot and bench tests. 


A amilar series of tests uang tomatoes and cowpeas (Vigna sinensis) 
ate recorded in Table II. The number and wdght the tomatoes 
obtained from four pots, which are also recorded, show the injurious 


analyses were oonipleted with the assistance of Mr. B. vmaan^ of the Anfanal FhyUologieal 
ChmiaU lAboiwtory, to whom the wiUer deidres to CEptosa his in^^ 
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action of the boron alone and the benefit derived from adding lime. 
The tops of the tomatoes contained mther a large quantity of boron, 
the roots and fruit but traces. More boron was absorbed by the tomato 
plants when borax was added than with the addition of caldned cole- 
manite. The addition of lime with the borax retarded the absorption 
of boron. The lowest percentage of dry matter was found in the tomatoes 
grown on the soil where borax alone was added. The tops of thecontrol 
plants contained the least ash. 

Table II . — Boron in tomatoes and cowpeas: Greenhouse pot tests 


Tomatoes. 


Se- 

Treatment of manure per 8 
bushels. 

Tope. 

Roots. 


Fruit. 

Yield of fruit. 

ries 

No. 

Ash. 

Boron 
as boric 
acid 
(ash^ee 
basis). 

Ash. 

Boron 
as boric 
acid 
(ash-free 
basis) 

Dry 

matter. 

Boron 
as boric 
add 
(ash-free 
basis). 

Num- 

ber. 

Wdeht, 

X 

0.75 pound of oaldned 

PercL 

13. ij 

Per ct. 
0.0054 

Per ct. 
9 - 59 

Per ct. 
Trace. 

Per ft. 
6.04 

Per cent. 
Faint trace. 

*7 

Ounces, 
37 * as 

a 


X 4-44 

.0x07 

so. 86 

..do... 

5*94 

do 

z6 

jx.s 

3 

IPSPBIpI 

IZ.87 

• 0x46 

a8.8o 

None. 

4. 72 

. .do 

xo 

zo 

4 


xa. 9 S 

. 0 X 93 

13. 76 

.do... 



XS 

33 

5 

of hme added. 

X pound of borax and 3 ounces 

xa. X5 

.007a 

xa66 

.do... 

5. 26 

Faint trace. 

X 7 

34 

6 

of lime added. 

X pound of borax andoounces 

xa.oo 

Tract. 

X 9*43 

.do... 

5-85 

. . .do 

x8 

35 

1 

d lime added. 

Control 

zo. za 

. .do. . . 

ax. 88 

Trace, 

5.92 

do 

23 

40-35 


Cowpeas (dry basis). 


Se> 

ties 

No. 


Treatment of manure per 8 bushels. 


X o. 75 pound of calcined oolcmanite 

added 

9 X.5 pounds of calcined colemanite 

added 

3 X pound of borax added 

4 X pound of borax and I ounce of lime 

added 

"5 X pound of borax and 3 ounces of 
toe added 

6 X pound of borax and 9 ounces of 

lime added 

7 Control 


Tops. 

Roots. 

Fruit. 

Ash. 

Boron as 
boric add 
(ash-free 
basis). 

Ash. 

Boron as 
boric acid 
(ash-free 
basis). 

Ash. 

Boron as 
boric acid 
(ash-free 
basis). 

Per emt, 
9.37 

Percent. 

0.0339 

Percent. 

18.53 

Percent. 

0.0033 

Percent. 

3*68 

Per cent. 

O.OI3S 

9. as 
8.54 

.0387 

•0843 

a 7‘04 

84.40 

Trace. 

None. 


0 0 

xo.96 

•OZZ5 

Z0.0X 

... .do 


.0333 

Z0.08 

.0937 

17.44 

. ..do 

3* ox 

‘0097 

XX. 36 

7.84 

•030a 

.0068 

90.64 

32.58 


3.40 

3.ao 


None. 

.0094 


The tops of the cowpeas contained the most boron and the roots the 
least, the fruit being intermediate. The addition of lime with the borax 
did not influence the total amount of boron absorbed by the plants. 
The control cowpeas contained larger amounts of boron than the tomato 
contml plants. The tops of the control cowpeas contained the least ash. 
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Hie results of the greenhouse, bench, and pot tests with lettuce and 
tomatoes are recorded in Table III. It is evident that the lettuce plants 
took up boron in proportion to the amounts present in the soil. The 
control lettuce contained the lowest percentage of solids and indicated 
the presence of boron. A slight chlorosis of the lettuce plants grown in 
series i and 2 was seen, but no injury to the roots was observed. The 
results of the analyses of the upper and lower 6 inches of soil in the 
benches show an even distribution of the boron. 

TAaLS III . — Boron in lettuce and tomatoes: Greenhouse bench and pot tests 


Series 

No. 

Treatmeut of manure per 8 bushds. 

I^ettuce (entire 
plant). 

Soluble boron as boric add 
in soil on which lettuce 
was grown. 

Dry 

matter. 

Boron as 
boric acid 

A 

Upper 6 
inches of soil. 

]: 4 >wer 6 
inches of soil. 



Per cent. 

Per cent. 

Per cent. 

Pir cent. 

z 

0.75 pound of borax added 

XZ.6 

0-00036 

0. ooza 

a 00x0 

3 

1.35 pounds of borax added 

X0.0 

.00064 

.0033 

.0038 

3 

Control 

9*0 

.00030 

Faint trace. 

Faint trace. 

4 

0.5 pound of borax added 


.00036 



5 

0.63 pound of borax added 


.00043 



6 

0.75 pound of borax added 




f 

Control 


•000X5 










Tomatoes. 


Tops (dry basis). 


Fruit (fresh basis). 


Yield. 


Series Treatment of manure per 8 
No. bushels. 


Ash. 


Boron as 
boric acid Dry 

(ash-free matter, 
basis). 


Boron as 
boric acid 
(water and 
ash free 


Num- 

ber. 


basis). 


Weight, 


X 

9 

S 

4 

5 

6 
7 


o. 75 pound of borax added. 
X.35 pounds of borax added. 

Conto 

0*5 pound of borax added. . 
o.6a pound of borax added. 
0.75 pound of borax added. 



Per cent. 

Per cent. 

13.98 

0.0089 

13.94 

*0x96 

zo. zo 

.0009 

zaoz 

.0X5 

zo. 77 
7.73 

.0x6 


7 « 7 a 

.00Z5 


Per cent. 
Faint trace, 
do 

....do 

0.0003 

.0004 


Ounces, 



•0003 


Tomato plants i, 2, and 3, Table III, were 6 months old at the time of 
analy^s. The yield of fruit from three pots in each series, i, 2, and 3“, 
showed no reduction in the case of the 0.75-pound borax application, but 
the 1.25-pound borax application seduced the yield. The dry matter of 
the control fruit, series 3, is higher than in series i or 2, and the ash of the 
control tops, series 3, is lower than the ash for the tops, series i and 2. 
The tomato plants, series 4, 5, 6, and 7, were younger and smaller than 
those of series i, 2, and 3. In ail the tomato plants (Table III) the tops 
contained practically all the boron, the fruit showing cmly traoea 
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The results with wheat grown in plots at Arlington Farm, Va., are 
given in Table IV. The manure was applied at the rate of 20 tons per 
acre. The wheat was planted in October, 1913, and harvested in June, 
1914, the soil samples being tested at the time of harvesting. On the 
borax plot the wheat plants which were yellow during the winter, became 
green and normal in appearance in the spring. The yield of wheat from 
the borax plot was 90 per cent of the control, but larger than that from 
an unmanured plot which was simultaneously tested. The amount of 
borax added to the borax plot was about four times that necessary to 
act as a larvidde, but only a trace of boron was found in the wheat grain 
or straw. The wheat grains were sound and the nitrogen and ether- 
extract results of the control differed very little from those of the wheat 
and straw from the borax-treated plot. A trace of boron was found in 
the grains and straw from the borax plot, and the borax-treated soil 
showed 0.003 of boric add. The soil sample from the borax 

plot contained more nitrates than the control sample. Nitrogen was 
estimated by the Kjeldahl-Gunning method, and nitrates by the method 
recommended by the American Public Health Association. 


Tablb IV . — Percentage of boron in wheat, straw, and soil: Plot tests at Arlington 

Farm, Va. 


rief 

No. 

Treatment of manure per 8 
bushels. 

Material. 

Nitro* 

gen. 

Nitro» 
gen as 
ammo* 
nia 
(MgO 
meth- 
od). 

Nitro- 
gen 
as ni- 
trates. 

Ether 

extract. 

Acid-solu- 
ble boron 
as boric 
acid. 



[Wheat grains 

3 . IS 
> 281 



1.70 

Paint trace. 
Do. 

f 

a to 3 pounds of borax added . 

- Wheat straw 



8* Z8 


^il 3 to 4 inches deep. . 
Wheat grains 

.09 

S. 2 Z 

.323 

0.004 

0.00x8 

X -77 

3.27 

0.003. 

None. 

9 

Control. 

Wheat straw 



Do. 



.Soil 3 to 4 inches deep. . 

•09 

.003 

.00X2 

Do. 

i 





Results of the analyses of soybeans {Glycine hisfnda), string beans 
{Phaseolus vulgaris), and potato plants grown on plots at Arlington 
Farm, Va., are recorded in Table V. The roots and beans of the soy- 
beans contained about equal amounts of boron, and rather large quan- 
tities were found in the tops of all the plants analyzed. There was a 
more equal distribution of boron in the roots, tops, and beans of the 
string beans than in the case of the soybeans. 

The potatoes showed only traces of'lwron in the tops, the lai^;est part 
of the boron being found in the roots, although the tubers contained a 
fairly large amount. All control plants contained a little boron. The 
addition of lime with the borax did not prevent the absorption boron 
by the plants, as much boron being absorbed from the calcmed-cole- 
manite ptots as from the borax ptots. 
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TablS y.-^mcmtagt cf bonn m soybeans, stristQ beans, and ^oMees: Plot Usts at 

ArUngUm Farm^ Va, 



' t 

Boron as boric add (dry basis). 

Se. 

Ties 

No. 

Treatment of soil per 

Soybeans. 

String beans. 

1 Potatoes. 

square rod. 






A’ 





Boots. 

Tops. 

Beans. 


Tops. 

Beans. 

Roots. 

Tope. 

Pota- 

toes. 

X 

s. 4 x pounds of calcined 
cofemanite added .... 

0.0086 

0.0048 

0. 0093 

0.0044 

0.0075 

0.004s 

0.0x70 

0 . 00 X 3 

0.0094 

a 

S.88 pounds of calcined 
colemanite added . . . 

.0x60 

.0076 

.0x36 

.00S3 

.0177 

. 03 X 3 

.0144 

Trace. 

.0031 

3 

3.96 jjowds of borax 

. 0 X 34 

.0047 

.0x04 

.0086 

•0093 

.0117 

.0354 

..do. .. 

.0066 

4 

3.96 pounds of borax 
and 3 pounds of lime 


added 

.0x36 

.0040 

.0x64 

• 0093 

.0099 

.0080 

.0x65 

. .do. .. 

.00x9 

3 

3 pounds of lime added. 

.0030 

.0008 

•0036 

.0050 

None. 

.0043 

Trace. 

None. 

. 00 X 0 


In Table VI results of the analyses of corn {Zea mays), wheat, peas 
[Pisum sativum), and oats (Avena sativa), grown on plots at New Orleans, 
La., and Dallas, Tex., are recorded. The entire plants, which were 3 
months old and small, were used. The com and wheat plants took up 
equal amounts of boron. Soluble boron was found in all nine samples of 
soil from New Orleans, while only two of the five samples from Dallas 
contained any. The peas absorbed more boron than the oats, especially 
in series 1,2, and 3. 


TabliS VI . — Percentage of boron in corn, wheat, peas, oats, and soil: Plot tests at New 
Orleans, La., and Dallas, Tex. 




New Orleans, La. 

Balias. Tex. 

Se. 

ries 

No. 

Treatment of manure per 8 bushels. 

Boron as boric 
add (entire 
plant, dry 
basis). 

Soluble 

boron 

as 

boric 

add 


M 



Com. 


in soil, 
sample 
taken 4 
inches 
deep. 


Oats. 

in soil, 
sample 
taken 3 
inches 
deep. 

X 

0.5 pi;ii]nd of borax added ........... 



0. 0006 




2 

0.6a pound of borax added. 




006 

Trace. 


Control 

Trace. 

IWe* 



3 

A 

0.75 pound of borax added. 




5 

X.35 iMDunds of borax added 




• oa6 


tVace. 

6 

C^itrol 



TnJ. 
.oooS 
• 0033 
IVaoe. 


7 

0.75 pound of calcined colemanite added . ..... 



• 0005 



8 

x.so pounds of calcined colemanite added ........ 






9 

C^teol 
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TabLtS Vll.—PeretnUige cf boron and ash in radishes, string beans, cowpeas, Peas, and 
soil: Plot tests at Orlando, Fla. >, 


Radishes (dry basis). 


Strinir beans (dry basis). 


Se- 

ries 


Na 


Treatment of manure per 8 
bushels. 


Roots. 


Ash. 


Boron 

as 

boric 

acid 

(ash- 

free 

basis). 


Ash. 


Boron 

as 

boric 

acid 

(ash- 

free 

basis). 


Ash. 


Boron 

as 

boric 

add 

(ash- 

free 

basis). 


Ash. 


Boron 

as 

boric 

add 

(ash- 

free 

basis). 


z 0.75 pound of borax added . 

a X.25 pounds of borax added 

3 Control 


34-44 
49*49 
45* as 


o. x69 
. 226 
.018 


50.08 

51. Z 2 

45*04 


0.039 

.087 

.0x0 


X7*s6 
22. 80 


0.086 

.080 

.oxx 


22.98 

X4*89 


0.01X 

.015 

.007 


Se- 

ries 

No. 


Treatment of fnanure per 8 bushels. 


z 0.75 pound of borax added 
a T.2S pounds of borax added 
3 Control 


Cowpeas (dry basis). 


Tops. 

Ash. 

Boron 
as boric 
acid 

(ash-free 

basis). 

29*49 

33*22 
20. x8 

0 162 
. 140 
. 024 


Roots. 

Ash. 

Boron 
as boric 
acid 

(ash-free 

basis). 

35*15 

45*68 

0. 222 
.240 
. 029 



Peas 
(entire 
plant, dry 
basis). 


Boron 
as boric 
add. 


Soluble 
boron as 
boric add 
found in 
sample 
of soil 
.3 to 4 
inches 
deep. 


O 212 


o. 0006 


. 229 • 00X0 

. 024 . 0003 


In Table VII the boron content of radish (Raphanus sativus)^ string- 
bean, cowpea, and pea plants, grown on borax and control plots at 
Orlando, Fla., is given. An appreciable amount of soluble boron was 
found in the soil samples from all three plots. The radish plants con- 
tained a large amount of boron in the tops, as well as an appreciable 
quantity in the roots. The string beans did not absorb as much boron 
as the radishes,* but contained a large percentage of the absorbed boron 
in the tops. The cowpeas absorbed large amounts of boron, more being 
found in the roots than in the tops. The pea plants also absorbed boron 
in great quantities. All the control plants contained boron to a marked 
degree, which is not surprising, as 0.0003 cent of soluble boron was 
found in the control soil sample examined at the close of the test. 

As there was little rain at Orlando while these tests were being con- 
ducted, and as relatively large quantities of soluble boron were found in 
the samples of soil tested, it is not surprising that the plants absorbed 
large amounts of boron. 

DISCUSSION OF experimental WORK 

It apparently made little difference in the quantities of boron absorbed 
by the various plants whether it was added to the manure used on the 
soid in the form of calcined colemanite or as borax. The addition of 
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Hme to tiie borax also showed no definite action in preventing the ab- 
sorption of boron, although with beets (Table I) and with one series of 
tomafoto (Table II) such a reduction is indicated where the laigest^ppli- 
cation of lime was made. Most of the plants anal3^d took up boron 
in proportion to the amounts present in soluble form in the soil. 

The leguminous plants, which were most easily injured by boron, ab- 
sorbed larger amounts than the other plants tested, while wheat and 
oats absorbed but little boron. It is particularly noteworthy that the 
wheat g rown at Arlington Farm, Va., on soil fertilized with manure 
heavily treated with boron showed only traces of boron in the grain and 
straw.. Haselhoff (7) found boron in the stalk of maize, but not in the 
grain. 

The most striking differences in the absorption and distribution of 
boron are shown by the leguminous plants, where a more even distribu- 
tion between roots, tops, and fruit is found. Potatoes also showed rather 
a large quantity of boron in the roots and tubers, but only a small amount 
in the tops. Succulent plants like beets also absorbed boron. On the 
other hand, tomatoes and wheat showed only traces of boron in the 
fruit and but little in the roots. Agulhon (r) has investigated the action 
of boric add on wheat, using synthetic sterile liquid media, induding 
both soil and water cultures. He recommends 0.0012 per cent of boron 
to obtain the best gromh. In these tests, when borax was added at 
the rate of 0.62 pound to each 8 bushels of manure and this manure 
applied to the soil at the rate of r5 tons per acre, 0.0015 cen^ 
boron was added to the soil. 

The fact that all control plants contained a Uttle boron shows the wide 
distribution of boron in the soil. From the large amounts taken up by 
the control plants grown at Orlando, Fla., it appears that the soil there 
contains more than the soil at Dallas, Tex., New Orleans, La., or Arling- 
ton Farm, Va. 

The ash results of the various portions of the plants analyzed vary 
considerably, and the variations are not in a definite direction. 

A spotting or 3rellowing of the leaves of plants, which was fiast noted 
by Hotter (9) and later reported by several investigators, was observed 
in these experiments when boron was present in the soil to any extent. 
In the case of the tomato plants, Table II, a yellowing of the leaves was 
noted when borax was used at the 0.75-pound rate, but the 3deld was 
unaffected. In some of the legumes — ^namely, string beans, soybeans, 
and peas — a noticeable yellowing of the leaves was observed when borax 
was added at the rate of 0.75 pound, and in these cases a reduction in 
stand took place. The wheat plants grown at Arlington Farm on the 
plot fertilized with manure treated with from 2 to 3 pounds dl borax to 
each 8 bushels, as noted on page 883, were yellow during the first 3 or 4 
months of growth. When the growth stsuted in the spring, howeyar, 
the plants became green, and the yield of the grain was 90 per w»n«: of tbe 
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ocmtrol yield, more than that obtained from the unmanured control plot. 
The yello\ring of the leaves is an unmistakable ^gn of injury, although in 
some^cases the plant can recover, or at least is not sufficiently injured to 
cause a reduction in the }deld. 

Haselboff (7) states that the action of boron is more marked on beans 
than on oats or com, and that it can be seen when small amounts of boron 
are present in the soil and when no action injurious to plant growth is 
evident. He says further that small amounts of boron stimulate the 
growth of beans and com, while huge amounts produce injury. In bis 
experiments beans absorbed boron in proportion to the amount present 
in the soil up to a certain limit. The plants examined by Haselboff con- 
tained from 0.04 to 0.17 per cent of boron, which is more than was found 
in these experiments, with the exception of the plants grown at Orlando, 
Pla. (Table VII). He suggests that for safety the amount of boron in 
the soil be less than o.ooor per cent. According to Brenchley (5}, peas 
are stimulated by relatively high concentrations of boric add, but with 
larger applications of boric add the toxic action was well marked on the 
leaves, which tend to become brown and to die in a characteristic manner. 

There is some evidence in the literature to indicate that small amounts 
of boron stimulate plant growth. Brenchley (5) states that below a cer« 
tain dilution boron tends to produce stronger roots and shoots. Barge 
amounts of boron are known to be toxic to practically all plants, with the 
exception of certain fungi. 

In these experiments, where in most cases more boron was added than 
was necessary to act as a larvidde, no stimulating action was noted. On 
the contrary, an injurious action was seen with leguminous plants, which 
became yellow and did not show a good stand. Tomatoes, beets, let- 
tuce, potatoes, radishes, com, oats, and wheat appeared normal when 
grown in the presence of amotmts of boron which produced injury to 
leguminous plants. When borax is added to manure at the rate of 0.62 
pound to each 8 bushels and the manure is applied to the soil at the rate 
of 15 tons per acre, 0.001 1 per cent of boron is added to the soil. This 
quantity of boron may injure leguminous plants, but did not injure the 
other plants tested, although no stimulation was noted. If the borax- 
treated manure is mixed with untreated manure, as would be done in 
many cases, ^nce it is necessary to treat manure with borax to destroy 
fly larvae during only a portion of the year, it is posable that the per- 
centage of boron would be sufficiently reduced to bring about a stimu- 
lating aiction on plant growth. 

In coimection with the stimulating action of boron, it may be men- 
tioned that nitrites and nitrates were detected in three or four borax- 
treated manure piles at New Orleans (6, p. 19), while the corresponding 
control piles contained no nitrites or nitrates, amd several soils fertilized 
with borax mamure have shown more nitrates thain the check soils. A 
22632“— 16 2 
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stUDulatiag action of bonm on the nitrifying bacteria seema to fdlow k 
certak cases. 

The results at Orlando, where the same amounts of boroO were added 
to the soil as at other points, but where the toxic acticm of the bonm was 
marked and where soluble boron was found in the soils after several 
months, indicates that many factors are involved in the absorption of 
boron and its effect on plants, and that definite condurions in studies 
of this nature should be drawn with great care. These results are sub- 
mitted as a prdiminary study of this question. It is our purpose to test 
the cumulative action of boron in soils. 

SUMMARY 

(1) It apparently made little difference in the quantity of boron 
absorbed by the plants tested whether boron was added to the soil as 
borax or as calcined colemanite. The addition of lime with borax had 
no definite effect in preventing the absorption of boron. Wheat and 
oats absorbed very little boron, while leguminous and succulent plants 
absorbed comparativdy large amounts. 

(2) Wheat, beets, cowpeas, and tomatoes grown in pots in the green- 
houses contained boron prindpally in the tops of the plants, and, with 
the exception of the beets, comparatively little or none in the roots. 

(3) The fruit of the tomato plants contained only traces of boron, 
while the fruit of the cowpea contained large quantities. I,ettuce grown 
in the greenhouse absorbed boron in proportion to the amounts present 
in the soil. 

(4) Potatoes grown in the open showed, when mature, a small amount 
of boron in the tops and relatively large amoimts in the roots and tubers. 

(5) .The leguminous plants, string beans, soybeans, and cowpeas, 
which were very sensitive to boron, showed when grown in plot tests a 
more equal distribution of the boron among the roots, tops, and fruit than 
the other plants, tested. 

(6) Radishes grown in plots contained much larger quantities of boron 
in the tops than in the roots. Analyses of entire plants of wheat, com, 
peas, and oats grown on plots in the South showed the absorption of 
boron in all cases, the peas absorbing the most. All of the control plants 
contained at least a trace of boron. 

(7) Samples of soil from some of the control plots showed the presence 
of add-soluble boron, while several similar samples of soil from certain 
boron-treated plots showed no add-soluble boron. Usually more soluble 
boron was found in the treated soil than in the control sc^. 

(8) The yidd of wheat from a plot heavily treated with borax was 
90 per cent of the manured-control yidd and grditer than the yidd from 
the unmanured control. The wheat grains were sound and contained 
but # trace of boron. 
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(9) The yidd of tomatoes in pot tests was unaffected when borax was 
added in amounts to produce 0.0018 per cent of boron in the soil, but 
when the amount was increased to 0.0030 per cent, a reduced yield 
resulted. 

(10) Numerous factors influence the absorption, distribution, and 
action of boron in plants. 

(11) No more than 0.62 pound of borax or 0.75 pound of calcined 
colemanite should be added to each 10 cubic feet of manure, and when 
udng the boron-treated manure in growing leguminous plants, the ma- 
nure should be mixed with untreated manure before being applied to the 
soil. For other plants, boron-treated manure should not be used at a 
higher rate than 15 tons per acre. 
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FURTHER STUDIES ON PEANUT LEAFSPOT 


By Frsdkrics: A. Wolf, 

Plant Pathologist, Alabama Agricultural Experiment Station 
INTRODUCTION » 

A report of investigations of certain fungous diseases of peanuts has 
previously * been made. Since the appearance of that report the investi- 
gations have been continued for the purpose of obtaining additional data 
on certain phases of the work. Opportunity had not been afforded 
prior to the present year to test under field conditions the efficacy of 
rotation and seed treatment in the control of leafspot, Cercospora per- 
sonata (B. and C.) Ellis. Definite experimental data upon the agencies 
concerned in the distribution of leafspot had not been secured; neither 
had an effort been made to definitely correlate the destructiveness of the 
disease with the presence of certain climatic conditions. It was the 
primary purpose of the present work to secure information upon these 
phases of the subject. The results of these studies are, therefore, 
recorded as additions to the information contained in the previous pub- 
lication • upon investigations which were begim four year ago under the 
Adams fund. 


ROTATION TESTS FOR LEAFSPOT CONTROL 

Because of the fact that the leafspot organism was found to live 
on fallen leaves in the field from one season to the next,^ it was recom- 
mended as a rational method of control that the same fields be not 
planted to peanuts in successive years. Observations on the effective- 
ness of rotation were made at several widely separated points in the 
State, with the representative results which are recorded in Table I. 

In many cases it has been difficult to get reliable information as to the 
crops previously grown upon the fields in which these studies were made, 
ance the tenants knew nothing of the system of cropping employed prior 
to their tenure. In determining the percentage of plants affected, the 

1 The writer received valuable aid in the fidd tests from R. C. I.ctt, fann adviser for Tuscaloosa County, 
Ala., on whose farm the seed-treatment tests were conducted, and from S. A. Wingard. who carefuUy and 
arduously assisted in the fidd studies. Indebtedness is herd>y admowledged to both gentlemen for these 
several services. 

* W6lf, F. A. Leafspot and some fruit rots of peanut. Ala. Agr. Exp. Sta. Bui. x8o, p. X37-X50, 5 pi. 
S9X4< Bibliography, p. xsB-xea* 

•Wolf,F.A. Op.dt. 

< When these leaves tdiseased leaves which had remained out of doors from November until Mayl were 
kopt moist as Fhen placed in moist diambers, conidia were abjointed. Additional evidence that the 
fungus remdtts viable is to be found in the fact that leal spots devdoped during May, on young plants, 
in a fidd whidi had pown a badly diseased crop the previous season. (Wolf, F. A. Op. dt., p. 135.) 
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total aumber of plants on a certain area was first counted, and then a 
count was made of those plants which were diseased. A plant havii^ 
only a single spot on one of its leaves was re^rded as disea^. Several 
attempts were made to determine the decrease in yield due to leafspot, 
but no satisfactory method has been found and the figures given are only 
approximate, since they were obtained by determining the average differ* 
encein the number of peas borne on 10 healthy and 10 diseased bunches 
having apparently the same-sized tops. It will be noted that the per- 
centage of diseased plants in fields designated as i to 7, which are repre- 
sentative of rotations, varies from 1 3.5 to roo per cent. When the results 
for the fields numbered 4 and 8 are contrasted, the former having borne 
no peanuts previously for ii years and the latter having grown four 
succesnve crops, with 95 and 100 per cent, respectively, of the plants 
diseased, with practically no difference in the severity of attack, one is 
forced to conclude that rotation in itself is not to be regarded as a control 
measure against peanut leafspot. These results came somewhat as a sur- 
prise to the writer. Several reasons for the inefficacy of rotation as a 
means of leafspot control will be brought out later in this report. It 
might be suggested at this point, however, that this much overworked 
and overrecotrunended suggestion for the control of plant maladies is not 
a panacea,' but requires experimental proof for each particular trouble 
for which it is recommended. 


TabliS I . — Summary of rotation tests with peanuts made in Alabama in igis 


Fidd 

No. 

Location. 

Previous crops on soil. 

Bate of ’ 
examina- 
tion. 

Plants 

affected. 

Decrease 
in yield 
of peas. 

X 

Auburn... 

Peanuts had been grown a years before 

Sept. 6 

Per cent. 
zoo 

Per cent. 
(«) 

a 

Eutaw. ... 

Peanuts had not been grown for several years pre> 

Aug. 38 

54 

5 

3 

...do 

viously. 

Peanuts had xiot been grown for 4 or 5 years pre- 

30 


4*5 

4 

. . do 

vioudy. 

No peanuts had been planted for at least zx years. . . 


95 

xo*s 

5 

. . .do 

No peanuts had been planted the previous year; no 

1 previous record available. 

Sept. X 

a6 

(®) 

6 

. do 

No peanuts in field the previous year. 

X 

xoo 

* 3*5 

zoo 

(a) 

7 

S 

. . .do 

...do 

No peanuts in field for 4 years previously 

Peanuts had been grown during each m the 4 pre> 

I 

Aug, 27 

(**) 

30 



ceding years. 




a Not estimated. » NesUgible. 

SEED DISINFECTION FOR EEAFSPOT CONTROL 


Seed treatment for the control of leafspot was recommended in a 
previous report * for two reasons. It had been found that conidia adhere 
to the surface of the ^eUs, and it had been noted repeatedly that the 
disease occurs in fidds not previoudy planted to peanuts. It was sug- 
gested that solutions of copper sulphate or formaldehyde be used in dis- 

I .r . - — ' , . r — I I- -I .r 

I Widf. F. A. Op. dt., p. X34. *• The prevakace of leaf spot in landa not previonfly ciildimted it not 
itficntpttum . . • ooBid ia and <xmidiQ|;dtoreB haire been found in die oentrifuged wathliifi of psm*** 
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infecting. In case the former was employed, the peas were to be im- 
mersed for 15 minutes in a solution containing i pound of copper sulphate 
to 20 gallons of water; in case the latter was used, i pint of formald^yde 
to 20 gallons of water, the peas to be steeped for an hour. Tests of the 
effectiveness of these seed treatments were made during the past season 
(1915) at Butaw, Ala. One field, designated as field 10, had previously 
grown several successive crops of peanuts; the other, fidd ii, had not 
been cropped with peanuts at least during the four preceding years. Bach 
fidd was divided into four plots. Plot i in each fidd was planted with 
unshelled peanuts which had been immersed in copper sulphate; those 
in plot 2 were not shdled and were immersed in formaldehyde; those in 
plot 3 were given no treatment; in plot 4 no fungidde was employed, 
and the peanuts were shelled prior to planting. The conditions in fidd 10, 
as noted in three successive examinations, are given in Table II. 


Tabls II . — Summary of results of leaf spot tests on field 10 in jgis, infested with leaf spot 



Infections were observed in this fidd as early as July 26 and were 
probably present at a much earlier date. Plot 3 will be seen to have 
had a larger number of diseased leaves on August 6, and during the two 
successive weeks, than did any of the other plots. It would naturally 
follow from this that seed disinfection is not without appreciable effect. 
It was fdt, however, that it would be necessary to duplicate these results 
in several localities during several seasons before one could safdy con- 
dude that seed treatment is of any practical value, especially in the light 
of the data to be subsequently presented. 

Fidd 1 1 , whidi can be directly contrasted with fidd 10, really diows 
the result of seed treatment coupled with rotation. No tabulation for 
fidd II, sudi as has been made for fidd 10, has been prepared, but the 
important facts in r^;ard to this fidd are as follows: Beafspot was not 
apparent until Aiq^ust 6, 1 1 da}rs after it was first seen in fidd 10. Only 
five plants in the whole fidd were found to be affected on this date, and 
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the disease was evidenced by only one or two spots on eadi leaf. Two 
of thtjse idants were found in plot i, one in plot 2, and two in plot 4. It 
will be noted that on this date plot i of field 10 had a m axi m u m of 79 
affeded leaves on a single plant, plot 2 had 30, plot 3 had 94, and plot 4 
had 45. A fiTint count of the number of diseased leaves in field 1 1 was 
made on September 1, with the result that 12 per cent of the leaves in 
plot I were r^ected, ii per cent in plot 2, 15 per cent in plot 3, and 14 
per cent in plot 4. It should be said in explanation that none of these 
plants had more than six affected leaves, and most of them had only one 
or two, upon which t^ere were at most only a few spots. Tea days 
prior to this a final count on field ro showed a minimum of 23 di s eased 
leaves per plant and a maximum of 297. This number would, no doubt, 
have been considerably greater by September i. 

The most significant conclusion that one is forced to make from these 
tests is that seed treatment, either by itself or in conjunction with 
rotation, does not eliminate peanut leafspot. This conclusion is further 
supported by the results obtained from the rotation tests given in Table I. 
The peas used in planting fields 1, 2, 5, 6, and 7 were shelled prior to 
planting, thus diminating the danger of introducing infective material 
at the time of planting. In these fields, 100, 54, 26, 100, and 13.5 per 
cent, respectivdy, of the plants were affected with leafspot. The peas 
used in planting fidds 3 and 4 were not shelled, and 41 and 95 per cent, 
respectivdy, of the plants were diseased. As can readily be seen from 
these figures, the removal of the shdls prior to planting contributed 
nothing toward keeping the crop free from disease. 

DAMAGE SUSTAINED BY PEANUT PLANTS AS A RESULT OP LEAFSPOT 

In order to measure the d^^ to which leafspot affects the foliage of 
peanuts, an effort was made to determine the rdation between the total leaf 
area and the diseased area of a peanut plant. The plant used was taken 
from fidd ro and may be regarded as a plant having an average proportion 
d diseased tissues. The method employed consisted in wdghing pieces 
of paper corresponding in area to the total and the diseased leaf surface. 
From paper of good quality, pieces, each equal in area to one of the leaves 
of the plant, were cut. After these had been weighed, areas correspond- 
ing to the diseased parts of the leaves were outlined, and these areas 
were then removed. The paper leaf areas with the exdsed diseased areas 
were again wdghed with the following computed results: The total 
wdght of the leaves on a dngle plant is foimd to be 64.07 gm. Of this 
wdght, 20.10 gm. are whdly free from spots; r2.39 gm. are dead as a 
result of the attacks of Cercospora personaia and have for the most part 
fallen off; the remainder, 31.58 gm., are regarded as diseased leaves. Of 
these diseased leaves ro.r8 gm., or 32.04 per cent, are occu{Hed by the 
fungus. When 12.39 10.12 gm. are combined, it is found that 

35lb7 per cent of the entire leaf area is lost to photosynthetic activity. It 
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is realized, of course, that these figures represent only an approximation, 
because the method itself is inexact. It is believed, however, that the 
approximated losses in yields of from 5 to 20 per cent given in Table I 
are reasonable, when one considers that there has been a loss to the plant 
of about 35 per cent in its active leaf area. 

TESTS ON DISSEMINATION OF LEAFSPOT BY AIR AND WIND 

Previous work on air currents as an agency in the dispersal of the leaf- 
spot fungus yielded only negative results.^ It was believed, however, 
in spite of this negative evidence, that conidia are carried short dis- 
tances by the wind. 

The purpose of the tests herein reported was not only to determine 
whether or not the wind acts as an agent in dissemination of the conidia 
of Cercospora per sonata, but also to ascertain the conditions of tempera- 
ture and humidity which might influence its maximum or minimum 
prevalence in the air. The tests were conducted at Eutaw and Auburn, 
Ala. The tests at Eutaw, Ala., at which place 210 exposures of plates 
were made, covered the entire period, nights as well as days, from August 
9 to August 26, with the exception of August 15 and August 22. The 
tests at Auburn, Ala,, were conducted from September 6 to September 
1 1 and were made to substantiate the tests made at Eutaw, Ala. 

The method formerly employed consisted in the exposure for var5dng 
lengths of time of sterile agar in Petri dishes. This method is open to 
objection for the reasons that at certain times the conidia of Cercospora 
personata germinate poorly or not at all and the development of colonies 
proceeds so slowly that they are likely to be obscured by more rapidly 
developing forms. It was decided, therefore, to use essentially the 
method employed by Burrill and Barrett * in their study of the dispersal 
of Diplodia zeae. Stations 2, 4, 6, and 8 feet distant from the nearest 
peanut plant were established. A frame to hold the exposure plates in 
a vertical position about 8 inches from the ground was made. This 
frame could be moved at the beginning of each exposure, to permit the 
plates to face toward the prevailing wind. Glass plates 4 by 5 inches 
were smeared with glycerin only on the side directed toward the peanut 
plants. Four sets of exposures of three hours duration each were made 
during the period from 6 a. m. to 6 p. m. One set of exposures of 12 
hours duration was made nightly from 6 p. m. to 6 a. m. Rains inter- 
fered somewhat with this routine. Plates exposed during a rain were 
washed off, and those exposed in the periods following rain were 
found to be free from conidia. Readings of the temperature and rela- 
tive humidity were made at the beginning of each set of exposures. The 

1 *‘A 11 attempts to gain definite data shoving that the wind is a carrier of the conidia have thus far been 
unsuccessful." (Wolf, F. A. Z<eafspot and some fruit rots of peanut. Ala. Agr. Bxp. Sta. Bui. x8o. p. 

X34. X9*4 ) 

* Burrill, T. J.. and Barrett, J. T. Ear rots of com. 111 . Agr. Exp. Su. Bui. 133. p. 63^09. xx pi. 1909. 
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exposed plates were brought into the laboratory as soon as possible after 
collection, were placed edgewise in a glass funnel, and the glycerin and 
contents washed off into a vial with a 2 c. c. pipetteful of 95 per cent 
alcohol, l^e stream of alcohol used in washing the plates was per- 
mitted to play slowly along the upper edge. The washings were then 
permitted to evaporate until only a few drops remained in the vials. By 
examination with the low-power lens of a microscope the number of 
conidia in these few drops could then be determined. 

This method is open to two serious objections. Many of the spores 
were not washed from the plate by this method, as evidenced by a test 
in which a plate washed according to the method described and found 
to have entrapped three conidia of Cercospora personata was afterwards 
washed, using a wash bottle as a means of driving a stream of 95 per cent 
alcohol forcibly against it, and was found to have nine additional conidia. 
The other objection, which was encountered by Heald, Gardner, and Stud- 
halter,^ consists in the fact that it is practically impossible to spread a 
film of glycerin uniformly on a glass slide and have it remain so for three 
hours. The results shown in Table III are therefore not representa- 
tive of the number of conidia that were actually entrapped, but con- 
vincingly prove that the conidia of C. personata are wind borne. 


TABta III . — Results of tests of glycerin plates exposed to air currents at Eutaw, Ala, 


Date of exposure. 

Kuznber of plates 
exposed. 

Number of plates 
with adhering 
conidia. 

Rainfall. 
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pora per- 
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It is not deemed necessary to give a detailed daily record of the actual 
routine pursued. It will be seen that only 78 of the 210 plates exposed 

1 P. D.. Gardner, M. W.. and Studhalter. R. A. Air and wind dl^ntmination of eaaoiepom of the 
fungus. In Jour. Agr, Reseordt, ▼. j, no. 6, p. 49t3-sa6.pl. <g-ds. 1^015. X 4 tiMUPe dted. 
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were found to have adhering oonidia. The usual number found was 
three or four on each plate. The occurrence of rain and heavy dews 
will in part account for the relatively small number of plates upon which 
conidia were found. Rain fell on 9 of the 16 days during which these 
tests were made. The plates washed off by these rains numbered 26. 
Three sets of exposures of three plates each remained free from conidia 
in the periods immediately following rain. In many cases one plate only 
of each set gave positive evidence in the period following. Only six out 
of the 42 plates exposed at night yielded any positive results, owing 
principally to the occurrence of dews. 

At no time during the period in which these tests were made, as will 
be seen, was there a maximum period of spore dispersal. Conidia were 
present in the air, except where it had been rendered free from them by 
precipitation, during the entire period. This is in accord with the in- 
crease in amount of leafspot shown in the successive counts made in 
field 10 and recorded in Table II. There was approximately twice as 
much leafspot in field 10 on August 14 as on August 6, and twice as 
much on August 21 as on August 14. No correlation between these 
increases and the temperature and humidity records could be discov- 
ered, and these figures have consequently been omitted from Table III. 
The idea formerly entertained^ that the occurrence of peanut leafspot is 
correlated with certain moisture and temperature conditions is now 
regarded as without foundation. Such a correlation would be meaning- 
less in view of the positive evidence, next to be reported, that insects act 
as carriers of leafspot. Details of the tests conducted at Auburn, Ala., 
are not tabulated, since the work accords with the work done at Eutaw, 
Ala., and substantiates the significant fact that air currents are agents 
in the dissemination of Cercospora personata, 

INSECTS AS AGENTS IN DISSEMINATION OF THE LEAFSPOT ORGANISM 

The fact that the leafspot f imgus is air-bome explains in part at least 
the failure to secure perfect control in the tests in which rotation and 
seed treatment were combined. No tests have been made, however, 
upon the distance which the conidia may be transported by the wind. 
The most distant exposures were only 8 feet from the nearest diseased 
plant. It seems unlikely that air dispersal could account for severe 
infection in fields in which both rotation and seed treatment had been 
practiced and which were from to niile distant from the 
nearest infected field. It was therefore suspected that certain insects, 
among which grasshoppers are the most important, are agents in this 
spread of leafspot. 

^ **AppAr«otly ittfecUoa with Cercospora it in tome manner oorrdated with certain moisture and tem- 
perature condiUont. . . The ravages o< Ctreospora ptrsenaio seem to attain their maximutn severity 
after a dry period followed by excessively aultry weather. . (WoU, F. A. Leafspot and some fruit 
rots of peanut. Ala. Agr. Exp. Sta. But x8o, p. 133. xoxa*) 
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A xdativdy meager literature dealing with the subject of insects 
as cacdetB of fungi producing plant diseases has accumulated. Since 
the most important publications upon this subject are summarized in a 
recent eicodlent paper by Studhalter and Ruggles,^ an historical revkw 
is putposdy omitted at this time. These authors find that certain 
insects belonging to the orders Hemiptera, Coleopteia, Diptera, and 
Hymenoptera are carriers of the chestnut-blight oiganian. Because 
of the podtive evidence secured in the few studies previously made on 
insects as agencies in the dissemination of plant diseases, it will not be 
suipriang if it is found in future investigations that insects are a very 
important factor in the dispersal of many plant-pathogenic fungi. 

The insects used in these tests were collected in diseased peanut fields 
near Butaw, Thomasville, Marion Junction, Greensboro, and Auburn, 
Ala., and placed in sterile test tubes or fiasks plugged with cotton. 
After being brought into the laboratory, each insect was dropped into 
a measured amount oi water, in case it was deared to determine the 
number of conidia upon its body. After agitating the tubes vigorously 
a drop of the wash water was examined under the low-power lens of a 
microscope, the number of conidia in the drop were counted, and from 
this the total number of conidia was estimated. 

In case fecal discharges were examined, each deposit was macerated in 
a drop of water on an object Slide, and a count was made with the aid of 
the low-power lens. Because of the presence of undigested bits of plant 
tissue and the impossibility of one's being sure that no conidia escaped 
notice and that none were unwittingly counted twice, these determina- 
tions can not be exact. They very dosely approximate the true number, 
however, since several cotmts of the same slide were made and the average 
taken as the final number. 

A total of 75 insects collected in five different counties has been 
examined in the course of these tests, 54 of which gave positive results. 
Four orders of insects— namely, Orthoptera, Lepidoptera, Coleoptera, and 
Hemiptera — ^were represented among the positive tests. Of the 56 grass- 
hoppers and katydids examined, 38 were found to be bearers of Cercospora 
personata. No attempt has been made to classify these Orthoptera, 
but several different g^enera were represented. Of the roasting-ear 
worms, Hdiothis obsdeta, which were examined, nine were found to vend 
conidia of Cercospora in their feces. Eight members of the Coleoptera 
were examined, ax of which gave poative results. Three of these were 
lady beetles, Megilla maculata/ one a blister beetle, Epicawta vittata; 
and the other two were fireflies, Chaidiognathus sp. A single member 
of the Hemiptera, one of the leaf hoppers, was examined and found to 
be a carrier. 

‘StadlMltar, R. A., and Sugglcs, A. O. ImectiuarrienoitlietliartiiiitbliAtfuiitiii. 
Si(itcit(trBtd.u.up..4i^ 191S. 
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Table IV records the results of an examination of 36 of the 75 insects 
collected. The remainder of the record is not given, since it would add 
nothing which is not indicated in this tabulated portion. 

TABta IV . — Record of examination of insects for conidia of Cercospora personata 


No. 


Name ol insect. 


Date of 
collec- 
tion. 


Number of 
conidia of 


Locality. 


Cercospora 

personata. 


On In 
body, feces. 
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a do 
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. . . .do 
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. . . .do 

. . . .do 
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16 

x6 

16 

a6 

a6 

a6 
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. . . .do. ..... 6 
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ala or other organ* 
ism in feces. 


Seven insects were 
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tating them in ss 
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surface of the bod- 
ies and from the 
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conidia on bodies 
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Total xtumber ot oo- 
nidla contained in 
three fecal dis- 
charges. Thepres- 
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the bodies was not 
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Two fecal dischargee 
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Grasshoppers were found to carry Cercospora personata conidia on 
their bodies and also to void them in their feces. The number of conidia 
to be found within and upon any individual insect depends naturally upon 
whether or not it has eaten diseased tissue within a short time prior to its 
capture. The largest number of conidia of C. personata found in a single 
fecal discharge of a grasshopper brought in from the field was 250. 

In order to ascertain whether or not feeding grasshoppers either avoid 
or select diseased leaf tissue, 13 were brought into the laboratory, where 
they could be closely observed and given diseased peanut leaves as food. 
Three of them seemed to prefer leafspot tissue, since they ate little ex- 
cept the affected tissue. The others were indifferent in their choice of 
food, but seemed not to avoid the diseased spots. The conidia in the 
discharges of some of these insects were too numerous to count. 

Passage through the alimentary canal of grasshoppers does not destroy 
the power of germination of the conidia of Cercospora personata, Conidia 
which had been voided were found to germinate within 12 to 18 hours 
when placed in drops of water. In fact, some were found to have already 
germinated at the time of discharge. When it is realized that these 
conidia-laden discharges are suitable situations for spore germination and 
a favorable pabulum for subsequent growth, and that they are commonly 
deposited upon leaves, it is seen that this is not an imposrible means of 
causing infection. Since grasshoppers, which have notoriously strong 
powers of flight, were among the insects examined with poritive results, 
they no doubt are potent agencies in the dissemination of leafspot for 
considerable distances. It is believed that the peculiar results in the 
tdsfs on rotation and seed disinfection, as weB as the correlation between 
the presence of leafspot and certain temperature and moisture oonditions 
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previously reported, is due in part to the fact that grasshoppers and 
certain other insects are carriers of the leafspot organism. 

It might be interesting to note in this connection that it seems to be 
generally true that peanut fields in which grass and weeds had been per- 
mitted to grow unmolested, as exemplified by fields 4 and 6 in Table I, 
and which consequently afforded a more attractive feeding ground for 
grasshoppers, are much more severely attacked by Cercospora than those 
in which good cultivation had been given. Several small fields have also 
been found upon which chickens and turkeys ranged in which leafspot 
was doing inappreciable harm, while fields somewhat farther away from 
the farm buildings were seriously affected. It is believed that the rela- 
tive freedom from leafspot here observed is to be attributed largely to 
the destruction of the insects by fowls. 

In most cases no attempt was made to determine the presence of other 
fungi upon the insects taken. Among the other forms noted, however, 
were Helminthosporium Ravendii B. and C., an organism very abundant 
upon the inflorescence of Sporoholus indicus; Pticcinia cassipes B. and C., 
which is parasitic on species of Ipomoea, a common weed; and species of 
Altemaria and Fusarium. According to an estimate made, a single 
fecal deposit of a grasshopper contained 2,500 conidia of Helminthosporium 
Ravenelii. A katydid taken at Marion Junction and one at Auburn each 
voided a vast number of morning-glory rust spores. Insects 21 to 28 
(Table IV) indicate the manner in which this form may carry infections 
for short distances. The blister beetle is another insect which feeds 
upon peanut plants and which therefore discharges conidia from its 
alimentary canal. The other species of insects taken appear to carry 
conidia only upon their bodies. It seems very probable, judging from 
the evidence at hand, that any insect which feeds upon peanut foliage is 
a disseminator of leafspot, and that any of them which frequent peanut 
fields may serve as carriers. 

SUMMARY 

(1) Rotation by itself is not effective under field conditions in 
eliminating leafspot, as evidenced by a field in which peanuts had not 
been grown for ii years and in which 95 per cent of the plants were 
diseased by August 31, with an estimated loss in yield of 19.5 per cent. 

(2) Seed disinfection with copper sulphate or formaldehyde before 
planting does not prevent leafspot. Shelling peanuts before planting to 
diminate the danger of infection from conidia which may have been 
adhering to the surface of the shell does not prevent the disease. Seed 
treated in these ways, when planted on land which had previously borne 
diseased peanuts, produced a crop which was 100 per cent diseased. 
Seed treated and planted on soil which had borne no peanuts for at least 
four years previously produced a crop 13 per cent of whose plants were 
more or less affected with leafspot. Crop rotation, therefore, when com- 
tnned with seed treatment, will not eliminate leafspot. 
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(3) An approximation of the total leaf spot area involved by Cermspora 
personata showed that the photosjmthetic area had been decreased 35.07 
per cent. Estimations of decrease in yield of peas of from 5 to 20 per 
cent as the result of leafspot are therefore regarded as reasonable. 

(4) No correlation between the presence of certain conditions of tem- 
perature and moisture and the prevalence of leafspot exists, because of 
the fact that air currents and certain insects are carriers of Cercospora 
personata. 

(5) As the result of 210 glycerin exposure-plate tests at Eutaw, Ala., 
sutetantiated by a series at Auburn, Ala., it is concluded that Cercospora 
personata is wind borne. Seventy-eight of these 2 10 exposure plates gave 
positive results. At no time from August 9 to August 26 was there a 
period of maximum spore dispersal as revealed by the exposure plates. 
The maximum number of conidia entrapped on any single plate was four. 
This does not represent the true condition, since the method used in 
washing the plates failed to remove all conidia. Rains rendered the air 
temporarily free from Cercospora, and dew prevented the dispersal of 
conidia at night and in the early morning. 

(6) Prom an examination of 75 insects collected in five localities, of 
which 54 gave positive results, it is concluded that insects are dissemina- 
tors of the leafspot fungus. Four orders of insects are included in these 
positive tests: Orthoptera, represented by grasshoppers and katydids; 
Eepidoptera, by larvae of Heliothis obsoleta; Coleoptera, by lady beetles, 
blister beetles, and fireflies; and Hemiptera, by leaf hoppers. Grasshop- 
pers, katydids, roasting-ear worms, and blister beetles eat diseased peanut 
foliage and void conidia in their fecal discharges. A single deposit from 
a grasshopper contained 250 conidia of Cercospora personata. Another 
specimen discharged 2,500 conidia of Helminthosporium Ravenelii in a 
single deposit. Grasshoppers may also carry conidia on the surface of 
their bodies. Leaf hoppers, lady beetles, and fireflies transport conidia 
on their bodies as a result of having come in contact with diseased leaves. 
A larva of Heliothis obsoleta voided a maximum of i ,050 conidia of Cercos- 
pora personata. Other fungi, among which are Puccinia cassipes, Alter- 
naria sp., and Pusarium sp., were found in the fecal discharges of grass- 
hoppers and katydids. " 

(7) Alimentation in insects does not destroy the viability of Cercos- 
pora personata. 

(8) Grasshoppers, because of their powers of flight, are capable of car- 
rying the leafspot organism considerable distances. The ineffectiveness 
of crop rotation combined with seed treatment to eliminate leafspot from 
peanut fields is very probably due to the fact that air currents and certain 
insects are agents in its dissemination. 



RELATION BETWEEN THE PROPERTIES OF HARD- 
NESS AND TOUGHNESS OF ROAD-BUILDING ROCK 


By pRiftvosT Hubbard, Chemical Engineer, and F. H. Jackson, Jr., Assistant Test- 
ing Engineer, Office of Public Roads and Rural Engineering 

It has for some time past become increasingly evident to engineers 
interested in the testing of road materials that from the standpoint of 
the road builder some of the most important physical properties of rock 
are not independent, but are more or less definitely related to each other. 
In 1913, Mr. L. W. Page,^ Director of the United States Office of Public 
Roads and Rural Engineering, called attention to some of these points, 
and suggested that, as the volume of data relating to the subject became 
greater, it might be possible to determine the dependent variable by 
reference to suitable curves showing the relative values of tests for 
thousands of individual cases, and thus dispense with one or more of the 
tests now in use. The large amount of additional data which have 
accumulated since that time makes it possible to take up the subject 
again, with a view to determining just what physical tests are necessary 
in order to judge properly the fitness of a rock for use in road construction. 

It is now generally recognized that any stone, to be suitable for use in 
macadam construction, must possess to a certain degree, depending on 
circumstances such as character of traffic and method of construction, 
three distinct physical properties, which may be briefly defined as 
follows : 

(1) Hardness, the resistance which a rock offers to the displacement of 
its surface particles by abrasion; 

(2) Toughness, the resistance which a rock offers to fracture under 
impact; 

(3) Binding power, the ability which the dust from the rock possesses, 
or develops by contact with water, of binding the larger rock fragments 
together. 

Of these, the first two are of particular interest from the standpoint of 
the present discussion, and they may be very briefly described as follows: 

The degree of hardness of a rock is determined by what is known as the 
Dorry method. It consists essentially of subjecting a cylinder, 25 mm. 
in diameter, of the material to be tested, to the abrasive action of crushed 
quartz sand fed upon a revolving steel disk, against which the test 

> Pase, L. W. Rdaticm between the tests for the wearing qualities of Foad-btiilding rocks. In Amer. 
Soc. Testing Materials, Proc. x6th Ann. Meeting, 19 x 3 . v. 13 . p. 9S3'^3> 7 » X9Z3« Discussion, p. 993” 
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specimen rests. The end of the specimen is ground away in inverse ratio to 
its hardness, so that the hardness may be computed by determining the 
loss in weight after any given number of revolutions of the disk. The 
coefficient of hardness discussed later is obtained by subtracting one** 
third of the loss in weight in grams from 20, after 1,000 revolutions of 
the disk. 

The degree of toughness is determined by the Page impact method. 
A cylinder i inch in diameter and i inch high, cut from the rock speci- 
men, is subjected to the impact caused by the free fall of a 2-kgm. weight 
dropped from successively increasing heights until the energy of the 
blow is sufi&cient to fracture the test specimen. The test consists of a 
I -cm. fall for the first blow, followed by falls increased by i cm. after 
each blow until failure occurs. The height from which the weight 
drops when failure takes place is used as a measure of the toughness of 
the material. 

Since the establishment of the Road-Material Laboratory by the 
United States Government, upwards of 3,000 samples, representing 
every known variety of road-building rock, and obtained from every 
State in the Union, as well as from foreign countries, have been sub- 
jected to the tests outlined above. The results of these tests are plotted 
in graphic form in figure i. The coefficients of hardness are plotted as 
abscissae and the factors of toughness as ordinates. Each small circle 
represents the corresponding hardness and toughness of an individual 
rock sample. The large circles represent the average of all the coeffi- 
cients of hardness for each value of toughness. Hardness values range 
from o to 20 and toughness values from i to 47. 

A study of this curve brings out the following points : 

(1) That the average toughness for all tests made is about 9. 

(2) That the average hardness increases with toughness, and that the 
rate of increase becomes less as the toughness values become larger. 

(3) That individual values of hardness vary through wide limits for 
low values of toughness, and that the variations from the average decrease 
uniformly with the increase in toughness up to a certain point, about 20, 
after which they remain constant with very little variation from the 
average. 

(4) That, when any given value for toughness falls within certain 
limits, which define the suitability of the material for macadam-road 
construction under different traffic conditions, the corresponding value 
for hardness will fdll within similar limits for hardness. 

The first three facts are clearly indicated, but in order to substantiate 
the last deduction it will be necessary to define the limiting values of 
hardness and toughness which experience has shown should be applied 
when judging the fitness of stone for use in macadam construction under 
different traffic conditions. Such limiting values for toughness are 
shown on the curve in the ordinates at 4.5, 9.5, and 18.5, and the 
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corresponding limiting values for hardness at lo, 14, and 17. In other 
words, after making all allowances for variations due to local conditions, 
it may be fairly assumed that stone for use under light, horse-drawn, 
steel-tired vehicles should show a toughness of from 5 to 9 and a hardness 
of from 10 to 17; for moderate traffic a toughness of from 10 to 18 
and a hardness of over 14, and for heavy traffic a toughness of 19 or 
over and a hardness of 17 or over. The terms ‘‘light,*' “moderate,” 
and “heavy” in this connection refer to the total volume of traffic upon 
the road, calling, say, under 100 teams a day “light,” 100 to 250 “mod- 
erate,” and over 250 “heavy.” 

Practically all the values of hardness shown in figure i are above the 
various lower limits set by the best water-bound macadam-road practice. 

For light-traffic conditions, 94 per cent of all the samples tested have a 
hardness of more than 10; for moderate traffic, 95 per cent have a 
hardness of more than 14; and for heavy traffic, 94 per cent have a hard- 
ness of more than 17. 

In other words, if it be assumed that the curve (fig. i) represents a fair 
average of all available types of road-building rock, it would seem that 
a determination of the toughness of any particular sample of rock shows, 
for all practical purposes at least, whether it is hard enough to be satis- 
factorily used in construction. 

If the curve be referred to again, it will be seen that a large number of 
hardness tests appear above the upper limit of 17 set for light-traffic 
conditions. Although on its face this would indicate that a determina- 
tion of the hardness is necessary in this instance, reference to test records 
show that by far the greatest number of these tests (about 75 per cent) 
are on granites, quartzites, and hard sandstones, which are unsuited for 
use in the wearing course of water-bound macadam rostds, owing to their 
lack of binding power, as shown by actual test. 

Finally, the results of 2,500 individual routine tests made by the Office 
of Public Roads and Rural Engineering show that for practical routine 
work the hardness test adds nothing to our knowledge of the value of 
any particular rock sample for use in water-bound macadam-road 
construction over that obtained from the toughness test. 

While the binding or cementing value of a rock is a most important 
consideration from the standpoint of ordinary macadam construction, the 
same is not true of broken-stone roads which are surface treated or con- 
structed with an adhesive bituminous material. The hardness of the 
rock is also of relatively less importance, owing to the fact that the fine 
mineral particles produced by the abrasion of traffic combine or should 
combine with the bituminous material to form a mastic which is held in 
place and protects the underl3dng rock from abrasion so long as by proper 
maintenance it is kept intact. The toughness of the rock, however, is 
of more importance, as the shock of impact is to a considerable extent 
transmitted through the seal coat and may cause the underlying fragments 
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to shatter. It would therefore seem that the minimum toughness of a 
rock for use in the construction of a bituminous broken-stone road or a 
broken-stone road with a bituminous-mat surface should for light traffic 
be no less than for ordinary macadam subjected to the same class of 
traffic. For moderate and heavy traffic, however, the same minimum 
toughness may probably prove sufficient, owing to the cushioning effect 
of the bituminous matrix. No maximum limit of toughness need, 
however, be considered for any traffic. 

In the case of bituminous concrete roads, where the broken stone and 
bituminous material are mixed prior to la5dng and consolidation, it 
would perhaps appear advisable to set a minimum toughness of 6 or 7 
for light-traffic roads instead of 5, in order to insure against the possi- 
bility of the fragments of rock which have been coated with bitumen 
being fractured under the roller during consolidation, and of 12 or 13 for 
moderate and heavy traffic, instead 10 and 19, as in the case of water- 
bound macadam roads. 

For broken-stone roads which are to be maintained with dust palliatives, 
it would appear that the same limits of toughness should hold as for 
ordinary macadam. 

For easy reference the following limits of toughness are given in Table 
I, as representing facts developed in the foregoing discussion. It is, of 
course, quite probable that these limits will require modification as the 
correlation of laboratory tests to service results becomes more perfect. 


Table I . — Limits for toughness for rock used in the construction of broken-stone roads 


Type of road. 

Light traffic. 

Moderate 

traffic. 

Heavy traffic. 

Mini- 

mum. 

Maxi- 

mum. 

Mini- 

mum. 

Maxi- 

mum. 

Mini- 

mum. 

Maxi- 

mum. 

Macadam 

wifVi Hiid* nnlliat’ivA 

} 5 

9 

10 

18 

19 


Macadam with bituminous mat 






Bituminous broken stone with seal coat 

Bituminous concrete with or without seal 
coat 



10 


10 


/ ^ 

7 


13 

m 

13 



/ 

1 


imiii 
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NITROGEN CONTENT OF THE HUMUS OF ARID SOILS ‘ 

By Frederick J. Alway, Chirf, Division of Soils, Agricultural Experiment Station 

of the University of Minnesota ^ and Earl S. Bishop, Industrial Fellow, Mellon 

Institute 

HISTORICAL REVIEW 

One of the most generally recognized characteristics of arid soils 
(16, p. 163; 15, p. 415; 17, p. 72; 13, p. 147)^ is the high content of 
nitrogen contained in their humus, the matihre noire of Grandeau (6, p. 
148). 

Attention was first called to this by Hilgard and Jaffa (10), who 
stated (p. 69) : 

It thus appears that on the average the humus of the arid soils contains three times 
as much nitrogen as that of the humid; that in extreme cases the difference goes as 
high as 6 to 1 . 

It is somewhat remarkable that so few other investigators have made 
any attempt to test this generalization in the case of the soils from the 
arid portions of either this or any of the other continents. 

Fulmer (5) determined the humus nitrogen in 53 soils from Wash- 
ington, a State with winter rains and summer droughts. In the case of 
two soils from Skagit County, which has an annual precipitation of 
about 46 inches, he found 10.46 and 12.04 cent, respectively, of 
nitrogen in the humus. 

Nabokich (14, p. 339) reports six samples from Bessarabia with from 
ii.i to 18.9 per cent of nitrogen in the humus. It seems probable, how- 
ever, that he has confused the use of the term “humus"' as employed on 
the continent of Europe (organic matter of the soil as determined by com- 
bustion with copper oxid) with the sense in which it is generally used in 
this country. However, he makes a direct comparison of the Danubian 
soils with those of Calif omia, as follows: 

# 

In contrast with the soils of the dry steppes of southern Russia, the humus of the 
borders of the Banube is quite as rich in nitrogen as that of the soils of the steppes of 
Califomia and Transcaucasia. The alluviums of the Banube are even richer than those 
of the Arax.’ 


> The work reported in this paper was carried out in x9xx at the Nebraska Agricultural Bacperiment 
Station, where the authors were, respectively, Chemist and Assistant in Chemistry. 

* Reference is made by number to ** Literature cited,*' p. 9x5*916. 

■ Author's translation (14* p. 339). 

» M , , 


Journal of Agricultural Research, 

Dept of Agrteultum. WashingtQii, X>«C 


(w) 


VoL V,Ko.se 
Rsb. r4;s9x6 
Mini&.-S 







910 Journal of Agricultural Research vw. v, no. » 

Southern Beinarabia has an annual precipitation of about 15 indies, 
most of it falling during the growing season. Such a climate in this 
country is commonly referred to as “semiarid.” 

Loughxidge (12, p. 87), in a comprehensive study of the distribution 
of humus in California sdls to a depth of 12 feet, made nearly 1,000 
determinations of humus nitrogen, stating that — 

of these there were about 64 where the humus was found to contain more than xo 
per cedt nitrogen^ fourteen of these had from 15 to ao per cent and but five had 
more 20 per cent. . . The general average for all the soils, including the marsh 
lands, is 5.9a per cent for the first foot, 5.60 per cent for the upper three feet and 5.57 
per cent for the entire depth of twelve feet. 

Our work was an outgrowth of previous investigations in the same 
laboratory of the humus of semiarid soils. Samples from the semiarid 
prairies of Canada had been found by Alway and Trumbull (3) and Alway 
and Vail (4) to show percentages of nitrogen in the humus similar to 
those in soils from humid regions. In subsequent, as yet unpublished, 
studies by Alway and Trumbull and by ourselves many surface soils, 
representing various soil types and the different degrees of aridity found 
in Nebraska as well as many samples from the semiarid and desert por- 
tions of New Mexico and Arizona, were analyzed without finding even 
one in which the humus contained as much as 10 per cent of nitrogen. 
The question then naturally arose as to whether we would meet with 
similar results if we worked with arid soils from a region of winter rains 
and summer droughts. Having available a small collection of samples of 
California soils personally collected in 1909 by one of us in coimection 
with another study, we subjected these to analysis. As our analyses were 
not fully confirmatory of Hilgard's conclusions, we delayed publication 
of the results, hoping to be able to continue the work with a more exten- 
sive series of samples from California. Since then, Loughridge (12) has 
reported his findings, with which ours are in general agreement. The 
question as to the conditions under which a high content of nitrogen in 
the humus is found in arid soils does not appear as yet at all satisfactorily 
answered. We present our data in the hope that some one more conven- 
iently located for the collection of the necessary samples will take up 
the study. 

The data upon which Hilgard’s conclusions were based are given in the 
Annual Reports of the Agricultural Experiment Station of the University 
of California from 1884 to 1902. The method used for the determinat^n 
of humus nitrogen is described by Hilgard (7, p. 247) and Jaffa (i i , p. 35) : 
“Two portions of 5 or 10 grams of air-dried soil (depending on richness in 
humus)*' were placed in prepared filters, washed first with dilute (0.5 to 
1,0 per cent) hydrochloric acid, until the filtrate gave no reaction for lime 
and magnesia, and then with distilled water to neutral reaction. Then 
the one portion was washed with repeated portions of 6 to | per cent 
ammonia solution tmtil the washings became colorless while the other 
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was similarly treated with a 4 per cent potassium-hydroxid or a 3 per cent 
sodium-hydroxid solution. The ammonia solution was used for the 
determination of the humus, while in the other the humus nitrogen was 
determined by the Kjeldahl method. On the assumption that the same 
compounds had been dissolved by the two solvents, the percentage of 
nitrogen in the humus was calculated. 

While Hilgard's conclusions were based upon determinations in which 
the humus was extracted with an alkaline hydroxid solution, he later sug- 
gested as an alternative the use of the ammonia solution (8, p. 22), this 
being concentrated and then mixed with magnesia and boiled before 
being subjected to the Kjeldahl determination. 

The correctness of the assumption that the ammonia solution dissolves 
the same compounds or the same proportions of the total nitrogen as the 
alkaline hydroxids is open to serious question. A mere determination of 
the nitrogen removed by the two solvents does not sufiELce to decide the 
question. The ammonia is likely to combine with some of the dissolved 
organic matter of the soil, with the result that after the concentration 
of the extract, preliminary to the Kjeldahl digestion, there may still be 
present some nitrogen derived from the ammonia in addition to that 
extracted from the soil. The attempt to eliminate any such combined 
nitrogen by digestion with magnesia previous to the Kjeldahl determina- 
tion is unsatisfactory, as the magnesia may decompose some of the nitro- 
gen compounds extracted from the soil with the elimination of ammonia. 
A determination of the organic carbon in both solvents should be made, 
and if this is not the same the nitrogen in the alkaline hydroxid solution 
is not to be regarded as that corresponding to the whole of the organic 
matter dissolved by the ammonia. 

EXPERIMENTAL WORK 

We have confirmed Hilgard and Jaffa's (10) observation that after 
prolonged extraction of a soil with either ammonia or alkaline hydroxid 
solution the other fails to extract any appreciable amount of black 
material. Udng lo-gm. portions of both a semiarid and a humid soil, 
we treated with a 4 per cent ammonia solution until the washings became 
colorless, placed the residues together with 500 c. c. of alkaline hydroxid 
solution in stoppered bottles, shook these at frequent intervals for eight 
hours, and then allowed them to stand overnight. In the case of potas- 
sium hydroxid, we tried concentrations of 64, 32, 16, 8, 4, 2 per cent and 
of sodium hydroxid of 36, 18, 9, 4.5, 2.25 per cent. In all cases the 
amount of coloring matter extracted was so small that the humus could 
not be satisfactorily determined even by the delicate photometric 
method (2). Accordingly, it seems safe to assume that the ammonia 
solution removes the dark coloring matter as completely as the alkaline 
hydroxids. However, there appears no reason for assuming that a 
definite relation exists between the quantity of this pigment and the 
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amount of ammonia-soluble matter in a soil. Comparisons of the color 
of the ammonia extracts with their content of dissolved matter ^ow 
that this relation is variable for different depths in the same field and 
for the same depth in different localities (2, p. 13). 

The large number of soils referred to above were analyzed, using the 
ammonia extract and magnesia, without finding any in which the humus 
contained as much as 10 per cent of nitrogen. A later critical study of 
the method showed that the results were not rdiable, the amount of 
humus nitrogen found being affected by the extent to which the solution 
was concentrated before adding magnesia and also by the time of diges- 
tion with the latter. One result of this was that, while parallel deter- 
minations gave concordant results, those run one after the other, using 
the same ammonia solution, gave widely varying results. 

The extraction of the humus by the Hilgard- Jaffa method (10) in the 
case of many soils, especially those of very fine texture, is extremely 
tedious, being in this respect similar to the Hilgard method for the deter- 
mination of humus, for which in the case of some soils 10 days or even 
longer is necessary (7, p. 320). For this reason we sought to devise a 
more expeditious and convenient method. Using two representative 
soils, one a silt loam from the Nebraska Experiment Station farm con- 
taining 2.41 per cent of humus and 0.245 cent of total nitrogen, and 
the other a day loam from Indian Head, Saskatchewan, Canada, with 
1,56 per cent of humus and 0.248 per cent of total nitrogen, we tried 
shaking 10 gm. of dry soil with 500 c. c. of a 4 per cent potassium- 
hydroxid solution for periods of 0.5, i, 2.5, 5, 9, 12, and 24 days. During 
the working portion of the day the glass-stoppered bottles containing the 
mixtures were shaken at intervals of about one hour. With both soils 
the amount of nitrogen dissolved ceased to increase at the end of nine 
days. Repeated extraction of the same soil with fresh alkali solution, 
which might have given different results, was not tried. 

This method was then compared with that of Hilgard and Jaffa (10), 
using in the case of five arid soils from California (Table I) both a 4 per 
cent potassium and a 6 per cent sodium-hydroxid solution. 
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Tabi,9 l*-^ompanson of methods for the determination of humus nitrogen 



The results are only fairly concordant, but the extraction of nitrogen 
was as complete as by the Hilgard-Jaffa method, and for our study this 
was the most important consideration. 

Using this method, employing a 4 per cent potassium-hydroxid solu- 
tion and shaking at intervals for 9 days, we determined the humus 
nitrogen in 16 samples of arid soils from California (Table II). The 
humus was determined by the Hilgard method (i, p. 319). Duplicate 
and, in most cases, triplicate determinations were made of both the total 
nitrogen and the humus nitrogen, and duplicate determinations of the 
humus. 
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Sample No. 

Depth. 

Xx>catiQ(i and description 
of soU. 

Humus. 

Humus 

ash. 

Total 

nitro- 

gen. 


Nitrogen In 
humus. 

nitro- 

gen. 

Found. 

Maxi- 

mtmt 

possi- 

ble. 


Inches, 


P.cU 

P.ct. 

P.ct. 

P.ct. 

P.cU 

P. cU 

A 

0-3 

Berkeley. Adobe, 

I. 71 

0. 46 

0. 260 

0. z6o 1 

9-3 

15-2 

B 

0-2 

viipn. 

I. 19 

• ^5 

• 233 

. 1x9 

ID. 0 

19 6 

C 

. 

0-^ 

Waterford. Alluvi- 

. 62 

•39 

•054 

•035 

5-6 

8.7 



um, cultivated. 







D 

0-6 

Ceres. Loam, cul- 

•31 

•25 

.031 

. 02Z 

6.7 

za 0 



vated. 







E 

0-3 

Fresno. Red hog- 

•47 

•52 

. 026 

. 019 

4.1 

5-5 



wallow land, vir- 







F 

0-6 

gtn. 

Clovis. Red land. 

.29 

.18 

.032 

.025 

8.3 

zz. 0 



cultivated. 







G 

0-6 

Fresno. Black 

I* 39 

.92 

. 144 

. 087 

6.3 

za 4 



adobe, cultivated. 







H 

0-5 

Frepo. Dry bog, 

•75 

•45 

00 

0 

.030 

4.0 

xa 4 

I 

0-5 

virgiix. 

Fresno. Dry bog, 

.84 

.29 

. 104 

. 061 

7.2 

Z 2.4 



cultivated. 







j 

o-S 

Clovis. Red land, 

.38 

. 16 

. 060 

.032 

8.8 

15-6 



cultivated. 







K 


do 

.36 

• ^7 

. oi;2 

. 0^7 

10. 4 

Z4. 4 

h 

0-6 

Delano. Alluvium, 

.40 

. 14 

. 070 

.047 

H.8 

17-5 



cultivated. 







M 

j' 0-6 

Delano. Red land. 

• so 

*32 

. 061 

.036 

7-5 

Z 2 . 2 



cultivated. 







N 

0-6 

do 


. 17 

. 061 

• 0^4 

0. 0 

IK. 1 

0 

0-2 

Delano. Red land, 

I. 00 

• */ 
•34 

• 159 

•II5 

y* — 

”•5 

15- 9 

P 

0-2 

Virgin* 

Delano. Alluvitun, 

I. 17 

. 20 

.187 

. 140 

12. 0 

z6. 0 



virgin. 







Average . . 



•73 


. lOI 

. 062 

8. 2 

13-1 









All the samples, except the two from Berkeley, Cal., were secured in 
the San Joaquin Valley in the vicinity of Modesto, Fresno, and Delano, 
where the normal annual precipitation amounts to 10.9, 9.0, and 6.1 
inches, respectively. Samples A and B were both taken from the high 
hill just east of the buildings on the grounds of the University of Cali- 
fornia. Sample A is a composite of 20 samples from near the summit, 
and B of the same number from the lighter colored soil to the west, below 
the summit. Sample C was from a cultivated field east of Modesto 
and 4 miles west of Waterford. Sample D was from a fallowed field 
3 miles south of Hickman and 12 miles east of Ceres, E from the virgin 
red hog-wallow land 7 miles north of Fresno, and F from the red lands 
10 miles east of Clovis. The last-named had been under cultivation 
from JS to 20 years. Sample G is a black adobe from the same farm 
as sample F, and the field had been under crop for about 7 years. Sam- 
ples H and I are “dry-bog soils “ from a hilltop near the farm from 
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which F and G were secured. H was from virgin soil, while I was from 
land which had been formerly cultivated, but allowed to revert to 
grass about 10 years before. Samples J and K were taken from two 
fallowed fields of red land about 2 miles east of Clovis. The remaining 
samples were from near Delano — 1 , from a field under cultivation for 
15 years and M and N from fallows on red land north of the White 
River. 

Of the 16 samples only 5 show as high as 10 per cent of nitrogen in 
the humus. For the 6 samples of virgin soil the average is 8.5 per cent, 
with a maximum of 12.0 and a minimum of 4.0 per cent. For the 
10 of cultivated soils the corresponding data are 8.1, 11.8, and 5.6 per 
cent, respectively. The maximum possible percentages of nitrogen in 
the humus — the relation of the total nitrogen to the humus — ^ranged 
from 5.5 to 19.6 per cent, with an average of 13.1. Hilgard (9, p. 424), 
in a comparison of the average composition of 313 arid and 466 humid 
soils, reports the former to show 0.75 per cent humus and 15.87 per 
cent of nitrogen and the latter 2.70 per cent of humus, with only 5.45 
per cent of nitrogen. 

There is no reason to doubt the reliability of the humus determina- 
tions upon which Hilgard’s generalizations are based. A careful study 
(i) has shown that his method, as carried out by himself, gives results 
strictly comparable with those of the Moores-Hampton method. We 
have examined the original data on the humus determinations by 
Hilgard and his assistants and in only a very few cases do we find a 
humus-ash content sufiiciently high to make the determination appear 
inaccurate. These percentages of humus ash, while not reported in 
the tables in Hilgard's articles discussing the relation of the nitrogen 
content of humus to climate, may be found in the original reports re- 
ferred to above. 

In that we found 5 out of 16 arid soils to have over 10 per cent of 
nitrogen in the humus after having failed to find any humid or semiarid 
soil with such a high percentage, our study tends to confirm the work of 
Hilgard that high percentages are to be found in the arid but not in the 
humid soils. This high nitrogen content of the humus, however, does 
not appear so general in the arid soils as to serve as an at all reliable 
means of identification. 
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LIFE-HISTORY STUDIES OF THE COLORADO POTATO 

BEETLE 

By PAUUN9 M. Johnson, Scientific Assistant, and Anita M. Balungsr, formerly 
Pfeparator, Truck^Crop and Stored-Product Insect Investigations, Bureau of Ento^ 
mology, 

INTRODUCTION 

The experiments on the life history of the Colorado potato beetle 
(LepHnotarsa decemlineata Say), the details of which follow, were sug- 
gested by Dr. F. H. Chittenden, in charge of Truck-Crop and Stored- 
Product Insect Investigations of the Bureau of Entomology, and were 
conducted under his direction. These studies were necessarily carried 
on indoors for the most part and under somewhat unnatural conditions. 
Had they been conducted out of doors, the probabilities are that in any 
well-kept field of potatoes (Solanum tuberosum) the beetles would have 
passed through a period of estivation; and if the potatoes had been 
grown under weedy conditions, where the beetles had access to wild 
solanaceous plants, the third generation would have been produced. 
All experiments were performed in the District of Columbia during the 
season of 1914. The temperature during the period of the work was 
exceedingly high, with more than the normal rate of humidity. 

GENERATION EXPERIMENTS 

The overwintered beetles of this species made their first appearance 
after hibernation on April 29 on Solanum jasminoides, an ornamental 
plant growing in the insectary garden. Beetles were collected and pairs 
isolated in jars for experimental purposes. After feeding for a few days 
the females began depositing their characteristic orange-colored eggs (PI. 
LXIII, fig. i) in masses on the underside of the leaves near the tips. 
The egg masses averaged from 35 to 45 eggs each, except in two cases 
observed, in which as many as 70 and 72 eggs, respectively, were counted. 
When the potato plants first emerged from the ground, the beetles showed 
a decided preference for them, deserting the foliage of 5 . jasminoides for 
the more tender leaves of the potato. 

The fecundity of single females, under the conditions described, is 
shown in Tables I to VIII. 
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FIRST GENERATION 

Tabi^E "Li^Eggt produced by a single overwintered female of the Colorado potato beetle; 
male and female taken in copula on April jo, IQT4, and placed in rearing jar with 
growing potato plant^ 


Date. 

Number 

IS" 

Number 
of e^gs to 
amass. 

Date. 

Number 
of eggs 
laid. 

Number 
of eggs to 
amass. 

Date. 

Number 
of eggs 
laid. 

Number 
of eggs to 
amass. 

May 4 

17 

17 

May 1$. . . 

24 

24 

May 25. . . 

4 

4 

s---- 

0 

0 

16. . . 

0 

0 

26. . . 

0 

0 

6.... 

0 

0 

17... 

0 

0 

27... 

0 

0 

7.... 

0 

0 

18... 

16 

16 

28... 

0 

0 

8.... 

43 

43 

19... 

0 

0 

29... 

14 

14 

9.... 

0 

0 

20. . . 

0 

0 

30... 

z6 

16 

10. . . . 

67 

67 

21. . . 

10 

10 

^ 3i*-* 

24 

1,5,10,8 

11. . . . 

31 

31 

22. . . 

9 

9 

June I . . . 

3 

3 

12 

45 

45 

23 • 

0 

0 




13--- 

28 

28 

24... 

10 

10 

Total. . 

379 


14.--. 

18 

18 








1 The male in this experiment died on June xo» the female on June 14. 


Table II. — Eggs produced by a single overwintered female of the Colorado potato beetle; 
pair collected at Colleae Park, Md., and placed in rearing jar on May ll, igi4, with 
growing potato plant * 


Date. 

Number 
of eggs 
laid. 

Number 
of eggs to 
amass. 

Date. 

Number 
of eggs 
laid. 

Number 
of eggs to 
amass. 

Date. 

Number 
of eggs 
laid. 

Number 
of eggs to 
amass. 

May II. . 

78 

3»>46 

May 31 . . . 

70 

81, 18,31 

June 19. . . 

0 

0 

12. . 

51 

31,20 

June I . . . 

25 

25 

20. . . 

5 

S 

13 - • 

31 

31 

2. . . 

21 

21 

21. . . 

0 

0 

14.. 

0 

0 

3 -- 

0 

0 

22. . . 

0 

0 

15 - • 

0 

0 

4... 

2 

2 

23... 

9 

9 

z6. . 

0 

0 

5 -- 

0 

0 

24... 

40 

40 

17.. 

90 

3 “i 54 

6. . . 

0 

0 

25... 

14 

14 

18. . 

0 

0 

7... 

0 

0 

26. . . 

0 

0 

19.. 

36 

3 <^ 

8... 

0 

0 

27... 

0 

0 

20. . 

32 

32 

9... 

0 

0 

28... 

0 

0 

21. . 

34 

9 » 17 

10. . . 

6 

0 

29... 

0 

0 

22. . 

0 

0 

II. . . 

0 

0 

30... 

0 

0 

23 -- 

0 

0 

12. . . 

0 

0 

July I... 

0 

0 

24.. 

34 

34 

13... 

0 

0 

2. . . 

0 

0 

25.. 

72 

24,48 

14... 

0 

0 

3 *-- 

0 

0 

26. . 

29 

20,9 

15 •. 

34 

34 

4... 

0 

0 

27.. 

25 

» 25 

16. . . 

0 

0 

s... 

24 

24 

28. . 

47 

47 

17... 

71 

52, 19 




29.. 

33 


18. . . 

50 

SO 

Total.. 

994 


30 * 

28 

i 

20 








^ The male died on June 7, the female on July 7. 
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Tabx«B III . — Egos produced by a single overwintered female of the Colorado potato beetle; 
male and female collected at College Park, Md», and placed in confinement on May 20, 
igi 4 t wUn growing potato plant ^ 



Tabi^E IV . — Eggs produced by a single overwintered female of the Colorado potato 
beetle; pair of adults taken in copulation and isolated in a rearing jar on Mayll^ 1914^ 
with a growing potato plant ‘ 


Bate. 

Number 
of eggs 
laid. 

Number 
of eggs to 
amass. 

Bate. 

Number 
of eggs 
laid. 

Number 
of eggs to 
amass. 

Bate. 

Number 
of eggs 
laid. 

Number 
of eggs to 
amass. 

May II. . . 

57 

57 

June 4. . . 

56 

20,36 

June28. . . 

0 

0 

12. . . 

15 


s... 

41 

41 

29... 

0 

0 

13..* 

IS 


6 . . . 

41 

41 

30... 

33 

33 

14... 

S8 


7... 

45 

45 

July I... 

42 

42 

15- •• 

0 

^■9 

8... 

35 

35 

2. . . 

0 

0 

16. . . 

54 

54 

9... 

60 

60 

3 -- 

43 

43 

17... 

57 

57 

10. . . 

43 

43 

S- 

35 

35 

18... 

0 

0 

II. . . 

57 

57 

6 ... 

0 

0 

19... 

33 

33 

12. . . 

84 

19.6s 

7... 

47 

47 

20. . . 

«5 

35 

13- •• 

47 

47 

8... 

61 

22,39 

21. . . 

21 

21 

14... 

54 

54 

9... 

13 

13 

22. . . 

31 

31 

I 5 -* 

55 

55 

10. . . 

30 

30 

as... 

34 

34 

16. . . 

SI 

51 

II. . . 

0 

0 

24... 

0 

0 

17... 

39 

39 

12. . . 

20 

20 

as... 

56 

56 

18... 

46 

34,12 

13... 


0 

26. . . 

26 

26 

19... 

31 

31 

14... 


0 

27... 

27 

27 

20. . . 


0 

15- •. 


13 

28. . . 

0 

0 

21. . . 


7 

16. . , 


8 

29... 

37 

37 

22. . . 


I 

17... 


16 

30... 

42 

4a 

33 * -. 


0 

18... 


0 

3 I-. 

30 

30 

24... 


0 

19... 

8 

8 

June I... 

25 

25 

25... 


0 

20. . . 

14 

J 4 

2. . . 

36 

36 

a6. . . 


0 




3 .-* 

0 

0 

27... 

■ 

0 

Total. 

1,879 



^ The male died on Augnit x, the female on August ao. In this experiment the duratkia of egg-laying 
extended over a period of Todays, or so weeks. 
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Tabl9 V.— produced by a single overwintered female of the Colorado potato beetle ! 
male and female in copula isolated on May iz , jpi 4 t with growing potato in rearing 


' 

Dste. 

Number 

oieggB 

laid. 

Number 
ol eggs to 
amaM. 

Date. 

Number 
of eggs 
laid. 

Number 
of eggs to 
amass. 


Q 

Number 
of eggs to 
amass. 

May 14. . 

36 


June 3.. 

0 

0 

June 33.. 

6 

6 

IS** 

0 


4.. 

39 

39 

24.. 

0 

0 

x6, . 

43 



45 

14,31 

as.. 

16 

16 

17.. 

0 


0. . 

43 

43 

20. . 

0 

0 

18.. 

20 


z** 

35 

35 

27.. 

II 

IZ 

19.. 

0 

0 

8.. 

46 

33 , 13 

28.. 

0 

0 

20. . 

0 

0 

9.. 


55 

29.. 

38 

38 

21. . 

54 

27,27 

10. . 

63 

34, 11, 18 

X , 30. . 

0 

0 

22. . 

0 

0 

II. . 

62 

30,33 

July I.. 

0 

0 

* 3 -v 

33 

33 

12. . 

24 

34 

2. . 

20 

20 

24.. 

33 

33 

13 - • 

57 

57 

3.. 

8 

8 

25.. 

19 

19 

14.. 

34 

34 

4.. 

0 

0 

26. . 

25 

35 

15 - • 

1 33 

33 


0 

0 

27., 

67 

33s 34 

16.. 

' 31 

31 

6 . . 

0 

0 

28.. 

0 

0 

17.. 

34 

34 

2 •• 

0 

0 

29,. 


40 

18.. 

35 

35 

8a • 


4 

30. . 


43 

19. . 

0 

0 







20. . 

8 

8 

Total. . 

1,301 


June I.. 



21. . 

12 

12 




2. . 



22. . 

19 

19 





^ The male died on June 35, the female on July 37. Temperatures: Maximum, 98** F.; minimiim, 43* 
average, 73 ^. 


Eggs which were deposited on May 4 hatched on May 12, and the 
larvse (PL LXIII, fig. 2) fed ravenously until May 28, when they entered 
the ground to a depth of about 3 inches and transformed to pupae on 
May 30. Adults emerged on June 9. 

Eggs which were deposited on May 7 hatched on May 16. The larvae 
became full grown, pupated on May 31, and entered the soil, from which 
the adults issued on June 10. 

SieCOND GENERATION 

After the adults of the first generation had issued from the ground, 
three pairs were isolated while in copulation and placed in jars with 
potato leaves as food on June 17, 18, and 19, respectively. 
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Tabl9 VI * — Record of egg deposition of first-generation female of pair i of the Colorado 
potato beetle t confined tn rearing jar on June and fed upon potato foliage ^ 


Date. 

Number 
of eggs 
laid. 

Number 
df eggs to 
amass. 

Date. 

Number 
cl eggs 
laid. 

Number 
of eggs to 
amass. 

Date. 

Number 
of eggs 
laid. 

Number 
of eggs to 
amass* 

June 22.. 

22 

22 

July s--- 


ZI 

July 17... 

47 

47 

23 - • 

45 

45 

6... 


0 

18... 

44 

44 

24.. 

ZI 

11 

7... 


19 

19... 

45 

45 


23 

23 

8... 


24 

< 20. . . 

0 

0 

26.. 

0 

0 

9... 


0 

21. . . 

0 

0 

27.. 

0 

0 

10. . . 


0 

22. . . 

37 

37 

28.. 

44 

44 

II. . . 


0 

23... 


0 

29.. 

2 

2 

12. . . 


0 

24... 


0 

^ , 30- • 

15 

15 

13. •• 

22 

22 

25 --- 

■E 

0 

July I.. 

47 

47 

14... 



26. . . 


17 

2. . 

27 

27 

15... 



27... 


II 

3 -. 

0 

0 

16. . . 






4.. 

0 

0 


■ 

■1 

Total. . 

513 



^ The male in this experiment died on June 20, the female on August 4. 


The male and female of pair 2, having been confined to the rearing 
jar on June 18, 1914, fed for a few days upon the potato foliage, after 
which they entered the ground for hibernation, the female depositing no 
eggs. 


Tabi^G VII . — Record of epg deposition of first-generation female of pair 3 of the Colorado 
potato beetle^ confined tn rearing jar on June jq^ 1^14, and fed upon potato foliage^ 


Date. 

Number 
of eggs 
laid. 

Number 
of eggs to 
amass. 

Date. 

Number 
ctf eggs 
laid. 

Number 
of eggs to 
a mass. 

Date. 

Number 
of eggs 
laid. 

Number 
of eggs to 
amass. 

July I... 

4 

4 

July lo. . . 

0 

0 

July 18. . . 

38 

38 

2. . . 

0 

0 

II. . . 

0 

0 

19... 

18 

18 

3-- 

32 

33 

12. . . 

0 

0 

20. . . 

38 

38 

4...I 

3? 

30 

13. •• 

0 

0 

21. . . 

0 

0 

5.** 

38 

38 

14... 

0 

0 

22. . . 

. 15 

15 

6... 

48 1 

48 

IS... 

0 

0 

23... 

V. 6s 

65 

z* •• 

46 

46 

16. . . 

0 

0 




8... 

33 j 

33 

17... 

59 

22,37 

Total . . 

502 


9... 

38 ! 

i 

38 








^ The male ctf this pair went into hibernation on July ao. the female on July 27. Temperatures: Maxi- 
mum, X 03 ** F.; minimum, 58**; average, 72”. 


A mass of eggs which was deposited on June 30 by the female of pair i 
hatched on July 7. The larvae became lull-grown on July 23, pupated 
on July 25, and emerged as adults on July 31. Another mass of eggs 
laid on July 10 by the same female hatch^ on July 16, the larvae pupating 
on August 5 and issuing as adults on August ii. 
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THIRD GSNSRATION 

Wheo the adults of the second generation had emerged, pairs were 
isolated as in previous experiments. 

TablS VIII . — Record egg deposition of second-generation female of a pair of Ote Colo- 
rado potato beetle, confined in rearing jar and fed upon potato foliage ^ 


Date. 

Number of 
eggs laid. 

Number of 
eggs to a mass. 

1914. 

August 20 

19 

19 

21 

48 

48 

22 

0 

0 

23 

45 

45 

Tbtal 

112 


> 



1 Temperatures: Maximum, 96 ** F.; minimum, 46 *; average, 70 ”. 


In the rearing experiments with the third generation the females of 
the second generation did not all oviposit. Four pairs began hiberna- 
tion after feeding for several days. One mass of eggs deposited on 
August 4 hatched on August 9, the larvae pupating on August 23 and the 
adults emerging on August 31. Another egg mass, which was deposited 
on August 2 1, hatched on August 26, and the larvae, becoming full-grown 
on September 14, entered the ground for pupation, the adults emerging 
on September 23. 

All of the beetles of this third generation were very active and fed 
voraciously on the foliage of the potato up to September 15. 

I^ENGTH OF STAGES 

Table IX shows the maximum and minimum number of days covered 
by each of the immature stages in each of the three generations, as 
obtained from the foregoing rearing experiments. 


Tabi^E IX . — Maximum and minimum length (in days) of immature stages of the Colorado 
potato beetle in each of the three generations 


Generation. 

Egg stage. 

Larval stage. 

Fupal stage. 

Total develop- 
mental period. 

Mini- 

mum. 

Maxi- 

mum. 

Mini- 

mum. 

Maxi- 

mum. 

Mini- 

mum. 

Maxi- 

mum. 

Mini- 

mum. 

Maxi- 

mum. 

First 

7 

9 

15 

18 

zo 

10 

30 

37 

Second 

6 


16 

18 

a 

8 

32 

4 Z 

TSiird 

S 


14 

19 

8 

9 

27 

35 
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NUMBER OF MOETS AND DURATION OF INSTARS 

Eggs of the Colorado potato beetle were segregated and watched 
carefully to determine the number of molts of the larv% and the time 
spent in each instar. It was found that every larva has three molts, 
with an average of about three days for each instar. Tables X and XI 
show the dates and number of days required for the molts. 

TablQ X. — Number of molts and dates of molting of Colorado potato-beetle larvce in IQ14 


Experiment No. 


First molt. 

Second 

molt. 

Third 

molt. 

2 

Jt^ 26 

July 29 

Aug. 2 
Aug. I 

. . .do 

. . .do 

Aug. S 
Aug. 3 
Au^ 8 

Aug. 6 
Aug. 8 
Ai^ 19 

2 

: : s' 

• * Oj 

• 0 

. . .do 

. . .do 

5 

6 

7 

‘^. 1 . 

Aug. 9 
Aug. 10 


8 





TablB XI. — Duration {in days) of instars of Colorado potato-beetle larvae 


Experiment No. 

First 

instar. 

Second 

instar. 

Third 

instar. 

I 

% 

4. 

3 

2 

2 

0 1 
\ ! 

3 

2 

■J 

0 

a 

4 

4 

3 

7 

2 

4 

c 

2 

2 

6 

0 

2 

4 

*7 

2 

6 

4 

8... 


3 

5 

4 


Maximum duration 



2 


Minimum duration 



6 







FAI.I. MATING FOR SPRING EGG LAYING 

The fact that the Colorado potato beetle may be observed mating in 
September in the latitude of the District of Columbia has probably given 
rise to the opinion that a third generation might be produced elsewhere — 
e. g. , in Minnesota. This last generation, whether second or third, has been 
proved in one instance to be fertilized in the fall, the females on issuing 
being capable of depositing eggs in the spring without a second copulation. 
This was found to be the case with the generation w^iich held over from 
1914 and was observed in the spring of 1915, for a female came to the 
surface on March 8 and, without mating, deposited eggs on March ii 
and 12, which hatched on March 20 and 21. These larvae fed until 
March 30 and 31, when they pupated, the adults emerging on April 19, 
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1915. Thi$ was an indoor exi^eriment, and the beetles had been kept in 
a warm room during this entire period. In the field the first adults 
were db^rved in the insectary garden May 4, 1915* It was quite cold 
during that period compared with the earlier season of 1914. 

SUMMARY AND CONCLUSIONS 

In the authors’ experiments in 1914 in the District of Columbia eggs of 
the Colorado potato beetle were laid almost immediately after the first 
overwintering beetles were collected in copulation in the spring. These 
overwintering beetles fed continuously until September 7, when the last 
one died. The adults of the first generation upon emergence fed for a 
short time; some of them went into hibernation, but most of them laid 
eggs for a second generation. Likewise, some adults of the second gen- 
eration hibernated, while others laid eggs from which adults of the third 
generation developed. Dr. Chittenden has stated ^ that in the course of 
his investigations he was not able to get the beetle to breed more than 
twice in a season without a period of estivation ; but from the few eggs 
that were laid in the second generation the authors were able to rear 
the species through three generations without a resting period. 

In 1908 Popenoe* made experiments with this insect in tidewater 
Virginia, and reared it through three generations, but all the beetles of the 
third generation died. In this experiment the heat was still greater 
than in Washington in 1914, and the insects were not isolated in large 
numbers and were not well fed, which accounts for the dying of the 
third generation. 

* The entire developmental period from egg to adult was passed, as 
previously stated by Dr. Chittenden, in approximately four weeks. 

Particular attention is called to the fact that the female, far from 
laying the small number of eggs attributed to this species, is capable of 
laying, in one case under actual observation, i ,879, while a second female 
deposited 1,301 eggs. The former record exceeds any hitherto published, 
so far as known. It should be stated, however, that during 1913 Mr. 
W. O. Ellis,® of the Iowa Agricultural Experiment Station, obtained 
from a single female of the species a total of 1,686 eggs, and that Messrs. 
Girault and Zetek* took 1,578 eggs from a single beetle. 

From the experiments reported herein it is evident that there are 
three completed generations of the Colorado potato beetle in the District 

i Chittenden, V. H. The Colorado potato beetle (I<epUnotarsa decemlineata Say). U. S. Dept. Agr. 
Bur. Ent. Cure. 87, p. 8-9. 1907. 

* Popenoe, C. H. The Colorado potato beetle in Virginia in 1908. U. 8. Dept. Agr. Bur. But. Bui. 8 a, 
pt. X, 8 p., a pi. X909. 

* Ellis, W. O. Eeptinotarsa decemlineata Say. In Jour. Econ. Ent., v. 8, no. 6, p. sao-sax. 19x5. 

* Girault, A. A., and Zetek, James. Purther biological notes on the Colorado potato beetle, Eeptino- 
tarsa xo-lineata (Say), including observations on the number of generations and length of the period of 
mriposition. IX, Illinois. In Ann. Ent. Soc. Amer., v. 4, no. x, p. 74. xgxx. 
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of Columbia and localities having the same mean temperatures, part of the 
adults of the first and second generations hibernating, wnile the re- 
mainder lay eggs from which the second and third generations develop. 
Furthermore, the possibility of a partial fourth generation is suggested 
by the fact that the beetles of the third generation were active and 
feeding voraciously during September, 1914. This insect is to be found 
in all stages during the summer months, and there is much overlapping 
of generations. 
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PLATE LXIII 

Colorado potato beetle (Leptinotarsa decemlineata): 

Fig. I. — Egg mass, highly magnified. Original. 

Fig. 2. — Young larva, highly magnified. Original. 
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SOME FACTORS INFLUENCING THE LONGEVITY OF 
SOIL MICRO-ORGANISMS SUBJECTED TO DESICCA- 
TION, WITH SPECIAL REFERENCE TO SOIL SOLU- 
TION 


Ward Giltner, Bacteriologist ^ -and H. Virginia Langworthy, Graduate Assistant 
in Bacteriology t Michigan Agricultural Experiment Station^ 

INTRODUCTION 


The following outline is suggestive of the complexity of the problem 
of determining the relative influence of the various factors affecting the 
longevity of microbes subjected to desiccation: 

(1) Properties of the organism which probably depend on species differences. 

(а) Spore formation. 

(б) Capsule formation. 

(c) Peculiarities of cell composition. 

(2) Phjrsiological differences in organisms resulting from treatment before drying. 

(a) Temperature of cultivation. 

{b) Nutrition. 

(c) Age of culture. 

{d) Virulence and other properties. 

(3) Nature of the medium in which the organism is suspended before drying. 

(а) Its possible plasmolyzing effect. 

(б) Its content of protective or water-retaining substance. 

(4) Physical structure of the substratum upon which drying occurs. 

(а) Smooth, nonabsorbent surfaces. 

(б) Textile fibers or fabrics. 

(c) Soil, etc. 

(5) Effect of physical agencies. 

(а) Light. 

(б) Temperature. 

(c) Variations in humidity, etc. 


Only a few of the points in this outline will be treated in detail in this 
paper. 

HISTORICAL REVIEW 


A review of the literature reveals only the facts that are usually incor- 
porated in recent text books on microbiology. The longevity of spores 
is too well known to demand discussion at this^time. It is recognized in 
the literature that the presence of a gelatinous capsule is an excellent 
means of protection against adverse circumstances, especially desicca* 

tion. It is also noted by Liesenberg and Zopf (13)* that with an organism 
m 

1 This paper represents part of a piece of work planned and prepared for publication by the senior author, 
but executed almost entirely by the junior author as a part of the requirements for the degree of Master of 
Science. 

* Reference is made by number to **Literatttre<ited/' p. 94X-04s* 
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like Streptococcus mesenierioides the naked modificsation — ^i. e,, the form 
develops on a medium ccmtaining no sugar and having no capsule — 
succumbs mote quickly as a result of desiccation than does the encap- 
sulated form. 5. mesenterioides (13, p. 244) has been found to resist 
desiccation for a much longer period if devdoped on a saccharin medium 
than on one which contains no sugar. Revis (20) shows that two types 
of colon organisms which developed a mucilaginous type of growth were 
the ones which survived longest in soil. In another article (21) he sug- 
gests that the slime formed by organisms of the colon type may add 
to the water-absorbing and water-retaining capacity of the soil, and 
may therefore promote the longevity of that organism. L 5 hnis (15) 
says that not only the spores but also the bacteria with slimy walls 
endure the effects of desiccation very well. Lafar (13) emphasizes 
the importance of making a distinction between organisms like S. mesen- 
ierioides, which surrounds itself with a gelatinous envelope, and organisms 
which carry on a slimy fermentation — ^i. e., conversion of sugar outside 
the cell into mucinous matter — ^without themselves being inclosed in 
capsules. Jensen (i i, p. 323) uses the terms capsule formation and slimy 
fermentation interchangeably and regards the process as protecting the 
organism against desiccation. 

Buchanan (2, p. 378) offers a very comprehensive review of the litera- 
ture on the nature and morphological origin of bacterial slimes. Some 
describe gum formation as the result of a true fermentation of carbohy- 
drates by bacteria, calling it an extracellular s)aithesis, others calling it 
a true synthetic process, but not necessarily due to an extracellular fer- 
ment. Most of the bacterial gums reported in the literature are described 
as carbohydrates of the formula (CeHio05)n. Bacterial slimes classed as 
dextrans are described by Brautigam, Kramer, Ritsert, Scheibler, and 
many others (2). Lipman, Greig-Smith, Maassen, and Laxa (2) found 
levulan to be the specific gum of several slime-forming bacteria. 
Schmidt-Muhlheim, Hueppe, Emmerling, Greig-Smith, Laurent, Ward, 
and Seiler (2) describe bacterial gums having the characteristics of galac- 
tans. A few nitrogenous bacterial gums are mentioned, but they appear 
to be less common than those of a carbohydrate nature. The protective 
action of these gums has been ascribed to their water-retaining capacity. 

Exclusive of organisms with such special protective structures as 
spores or capsules, it appears to be true that certain species are more 
resistant than others. Ndsser (4) found that the organisms of typhoid 
fever and diphtheria were the most resistant; cholera,^ influenza, bubonic 
plague, and gonococci the least; and the pus-forming coed, meningo- 
coccus, and tuberde bacillus of intermediate resistance. Briscoe (i) 
credits the tuberde badllus with a greater resistance than most non- 
spore-bearing organisms. This power of resistance is no doubt due in 
part to the waxy or fatty substance found largdy in the outer layer of 
the tubercle bacillus. 
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Ficker (8) states that the temperature at which the organisms are 
cultivated and their ability to resist drying at different temperatures 
stand in a certain relation. Drying at a higher temperature does not 
always produce a more rapid effect and the drying at a lower temperature 
a more gradual effect. He concluded that cultivation at a temperature 
below the optimum produces an individual with the greatest resistance 
to desiccation. His results (7) with the drying of cholera vibrio cultures 
of different ages indicate that cultures i or 2 days old endure desiccation 
better than older cultures, but of these two the 48-hour culture is less 
sensitive to diying at 37° C. than is the 24-hour culture. The results of 
Kitasato and Berckholtz, quoted in the same article, show about the 
same resistance in cultures from i to 5 days old. Cultures older than 
these showed a marked decrease in resistance, due not only to the fact 
that there were fewer living organisms present in the same mass of an old 
culture, but these surviving organisms possessed in themselves less 
vitality than did the vibrios from younger cultures. Ficker (7) also 
demonstrated in the case of the cholera vibrio that a virulent strain was 
more resistant than an avirulent strain. Ficker’s experiments (8) showed 
that transfers of old cholera vibrios from the surface of agar to distilled 
water resulted in a disturbance of the turgor of the cell which was so 
injurious as to make its death, when desiccated, occur much sooner than 
was the case when they were suspended in physiological salt solution 
and dried. With young cultures the reverse was true. Suspension in 
tap water or distilled water appeared to have the same effect, but desic- 
cation after suspension in physiological salt solution was quickly injurious. 
He explains this on the basis that since the drying process resulted in an 
increase of concentration of the salt solution, the cell was subjected to 
both plasmolysis and desiccation. The explanation is not complete, 
however, for a broth of the same salt content as the physiological salt 
solution was favorable to both young and old cultures. He found (8) the 
cholera vibrio to retain its vitality longer when dried from a suspension 
in milk or broth than in distilled water, tap water, physiological salt 
solution, serum, or saliva. Ficker (8) also showed that a greater lon- 
gevity resulted after drying on cover-glass films when the organisms were 
first cultivated on a solid medium and then suspended in fresh broth or 
milk, than when they were grown in those liquids and then dried on 
cover-glass films prepared directly from the meditnn in which they 
developed. 

Peiser (17) showed that the thermal death point of lactic-acid bacteria 
when determined in milk is higher than when determined in bouillon. 
Numerous examples are cited of the long preservation of organisms in a 
dry state when surrotmded by nitrogenous or albuminous material. 
Chester (4) says that Pseudomonas radidcda, when dried in thin films on 
glass, perishes very rapidly, but that it may live x i to 16 da3rs on cotton. 
Harding and Prucha (23} have ^own that Bacterium campesiris may 
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live for as long as 13 months on cabbage seeds, but when dried on cover 
dips it is dead at the end of to days. Briscoe (1) says that this difference 
is no doubt largely due to the difference in the hygroscopic moisture 
retained by these substances. He found that tubercle bacilli lived only 
8 to 12 days when dried in thin smears on glazed-paper slips. BadUus 
edit B. vidacemt and B, prodigiostis, according to his experiments, were 
even more sensitive dried under those conditions. 

As to the relative merits of desiccation in room air and in a desiccator, 
some fairly positive statements have been obtained. Chapin (3, p. 195) 
says that as a rule bacteria live longer when dried in a desiccator thM 
when dried in the open air under natural conditions. Ficker (7) showed 
that the rapid dr3dng of organisms in a desiccator over calcium ddorid or 
sulphuric add was preferable to drying in ordinary room air. Ficker's 
experiment (7), in which the organisms were placed altematdy in a 
desiccator and a moist chamber for a couple of hours at a time, resulted 
in the organisms so treated dying much more rapidly than did those 
which were left in the desiccator continuously for the same length of 
time. Ldhnis (15) states that frequent changes between drying and 
remoistening are most injurious, but that rapid drying in a space with a 
** rarefied atmosphere'* (in a desiccator) is comparativdy favorable. 
Unpublished experiments of J. Simon have shown that the repeated 
drying and moistening of the soil is much more detrimental to nodule 
bacteria than keeping the soil constantly dry. Chester (4), in his 
experiments with P. radicicola, found that an important condition for 
the successful preservation of the organism in a dry state was to keep 
the culture sealed from the air and in a dark, cool place. 

The evidence obtainable from the literature in regard to the length of 
time an organism may live in air-dry soil and the factors responsible 
for its longevity are ndther definite nor complete, Lipman (14, pp. 228 
and 230) says that — 

Under air-dry conditions each soil grain is surrounded by a very thin film of moisture 
designated as hygroscopic water . . . According to Hall the film of hygroscopic 
moisture is about 0.75^ (0.00003 in.) thick . . . Nevertheless, it will be seen that 
the moisture, even in air-dry material, is deep enough to allow the bacteria a reason- 
able amount of protection. This will account for the survival of non-spore-bearing 
bacteria in dry soil for a long time. Indeed, instances are on record of the isolation of 
Azotohacter and Nitrosotnonas from soils that had been kept in the laboratory for 
several years. 

L5hnis (15, p. 67) says that — 

vegetative cells can better endure drying when they are in soil. With spores also this 
is true. The resistance of spores dried in earth is usually found to be higher than that 
of spores dried on cotton, silk, glass, etc. 

Uuggar and Prucha (6) found that after the rapid dtyiug out of soil 
cultures there remained a large number of living organisms whose vitality 
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would extend over a condderable period. Nestler (16) investigated an 
old herbarium and found that even after 23 years 90,000 colonies could 
be obtained from i gram of soil. Azotobacter (12) remain alive in 
soil samples if these samples are kept for 160 days in a desiccator 
and then 148 days in an air-tight condition. Germano’s (9) results 
seemed to indicate that the organisms of typhoid fever and diphtheria 
did not live as long in soil as on fabrics, although the diphtheria bacillus 
averaged 20 to 40 days* longevity in all trials in soil. Firth and Horrocks 
(3) found that the typhoid bacillus would live for 23 days in dry sand. 
Kuhl (18) found the typhoid bacillus to live 28 days in dry sand and 88 
days in moist garden earth. The bacillus of dysentery, on which he 
experimented at the same time, lived only 12 days in sand and loi days 
in moist garden earth. Briscoe (i) found the tubercle bacillus to live 
213 days in garden soil. 

But little work has been done to determine the effect of different soil 
types on the longevity of organisms dried in them. The data offered in 
the literature on this point are not only scanty but far from recent. Mod- 
em texts hold that dust does not offer protection to many pathogenic 
organisms, the dangers due to ordinary dust being much exaggerated 
according to Rosenau (22, p. 72) and Chapin (3, p, 263). Dempster (5) 
found that the cholera vibrio lived only a short time in perfectly dry soil, 
but survived for a prolonged period in soil containing a small amount of 
moisture. The typhoid bacillus showed a greater tenacity of life in soil 
than did the cholera vibrio, but entire desiccation proved to be quickly fatal 
to it also. Comparison of the longevity of these organisms in white sand, 
gray sand, garden mold, and peat showed that with the exception of peat, 
which apparently contained substances toxic to the organisms, the nature 
of the soil did not have a direct influence on them. The vitality of the 
organisms appeared to depend rather on the moisture content of the soil 
than on its composition. Our experiments on the longevity of soil organ- 
isms in different types of soil have led to a modified conclusion. The 
longevity of vegetative cells in air-dry soil is probably, as Lipman (14, 
p. 228) suggests, due mainly to the presence of moisture in the hygro- 
scopic form, although undoubtedly the presence of organic colloidal sub- 
stances with a tendency to retain moisture and with other properties is 
of importance. Van Suchtelen, in speaking of the analysis of soil solu- 
tion as quoted by Giltner (10, p. 154), makes certain statements, which, 
on account of their immediate bearing on this subject, deserve direct 
quotation. He says: 

In many cases there was found in the soil solution a riime. This must be regarded 
as the first experimental proof of the presence of this substance in the soil, and it is not 
impossible that much of the irregular behavior of the life in soil can be explained to 
some extent with a knowledge of this slime. If I may be permitted, I riiould like to 
call your attention to the possibility of this substance having an effect on desiccation, 
diffusion, and other processes. 
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It is the above statement which has stimulated and formed the basis 
of the esqperimental work recorded herdm. No progress has been made 
in the direction of an explanation of the nature of this sUme. Its effect 
on the prolongation of the life of micro-organisms subjected to desicca- 
tion has been the object in view. 

EXPERIMENTAL STUDY 

Aty experiment was conducted to determine whether an organism may 
receive protection from the solution in which it is suspended before being 
subjected to desiccation in sand. For this work were used cultures of 
P. radidcola grown for five days at room temperature on nitrogen-free 
ash agar. ‘ For suspension the following solutions were employed: 

(1) Physiological salt solution. 

(2) Physiological salt solution + 0.1 per cent of agar. 

(3) Physiological salt solution 4 * o.i per cent of gelatin. 

(4) Physiological salt solution + 0.1 per cent of albumin. 

(5) Physiological salt solution + o.i per cent of gum arabic. 

(6) Physiological salt solution -f- o.i per cent of soluble starch. 

With the exception of the albumin solution these were all prepared by 
dissolving i gm. of the dry substance in a small amount of salt solution 
and then making it up to a volume of 1,000 c. c. They were found to be 
practically neutral to phenolphthalein. On account of the difficulty of 
dissolving powdered egg albumin it was found necessary to use raw 
white of egg, a quantity being taken which by computation contained 
1 gm. of albumin. As albuminous solutions may be heated to 100^ 
without coagulation if slightly alkaline, this solution before steriliza- 
tion was made — 10® F. S. by the addition of N/j sodium hydroxid. 
After sterilization (which with all six was accomplished by the Tyndall 
method, 30 minutes heating in flowing steam on four successive da3rs) 
the N/i sodium hydroxid was neutralized with N/j? hydrochloric acid, 
leaving the albumin solution like the other five, practic^ly neutral. 

Suspension of the bacterial growth from four agar slopes was made in 
250 c. c. of each of the above solutions. For the purpose of securing 
initial counts i c. c. of each suspension was diluted and plated on nitrogen- 
free ash agar. Twelve flasks of quartz sand were then inoculated from 
each of the six solutions, 5 c. c. to a flask. The sand had been prepared 
after the method described by Rahn (19). It was heated with diluted 
hydrochloric add, washed several times, first with tap water and then 
with distilled water, heated on a water bath until almost air dry, and 
then heated at least 30 minutes over a free flame. Fifty gm. of the dry 
sand was placed in 100 c. c. Erlenmeyer flasks, which were plugged with 
cotton. Sterilization was accomplished by heating for 45 minutes in the 
autodave under 15 pounds’ pressure. 

The inoculated flasks were kept in a dar^ wdl-ventilated place at a 
temperature of 22® to 25® C. At intervals the number of organisms per 
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gram of sand was determined by the plate method, samples being taken 
from two flasks representing each suspension solution. Nitrogen-free ash 
agar was used for all plates and these were kept 10 days at a temperature 
of 22® to 25® C. before counting. 

It is evident from Table I that the counts are irregular and not such as 
to form a basis for any positive conclusions. This is due in part to the 
fact that the fluctuations in numbers from time to time were so extreme 
that it was difficult to determine what dilutions should be used to obtain 
plates from which accurate counts might be made. One great mistake in 
this trial was the addition to the sand of a quantity of moisture which was 
sufficient to permit the multiplication of the organisms for three weeks 
after inoculation of the flasks. In later trials the addition of less moisture 
lessened the period of multiplication. The bacteria were not actually 
subjected to desiccation until after January 27, by which time the differ- 
ence in the numbers of organisms developing on the five different sub- 
stances was such that a fair comparison of their water-retaining capacity 
during the process of drying was not possible. Although it is true that 
after a desiccation period extending over almost four weeks (from the 
last of January to February 24) there were greater numbers of living 
organisms in the flasks to which the albumin solution had been added, 
it is possible that this would not have occurred had not the organisms in 
those flasks reached enormous numbers just previous to the period of 
drying, because of the superior nutritive qualities of this substance. 


Table I. — Longevity of Pseudomonas radidcolat dried in sand after suspension in 

different solutions 


Date. 

Salt 

sohttion. 

Agar 

solution. 

Guni>arabic 

solution. 

Starch 

solution. 

Gelatin 

solution. 

Albumin 

solution. 

Jan. 2« 

60,000 

60,000 

60,000 

60,000 

60,000 

60,000 

7 

27,400 

428, 700 

30,000 

60, 500 

626, 400 

— 10,000 

15 

1,711,000 

3,651,000 

63, 160 

2,143,000 

3,974,000 

(?) 

27 

674,800 

328,000 

60,000 

468, 100 

1.335.600 

3. 677,000 

Feb. 13 

1,000 

1,000 

— 1,000 

— 1,000 

10,000 

30,000 

24 

-50 

1 

“50 

50 

i 

50 

-so 

200 


a Initial counts. 


Another experiment of the same nature was made with the following 
solutions: 

(x) Fhy^ological salt solution. 

(2) Physiological salt solution -|- o.i per cent of agar. 

(3) Physiological salt solution + o.z per cent of gelatin. 

{4) Physiological salt solution + o.x per cent of gum arable. 

(5) Nutrient broth. 

(6) Milk. 

(7) Soil solution (extracted from garden soil, sandy loam, by the method of 

Van Suchtelen).^ 


^ All iciU lohitlins were funiidied by Mr. J. Frank Morgan* Reseerdi Anistant in Bacteriology 
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The bacterial growth from one agar slope was suspended in 12 c. c. of 
each of the above solutions, and i c. c. was diluted and plated quantita- 
tively on nitrogen-free ash agar. From each of the seven suspensions 
2 c. c. was added to each of five flasks of quartz sand, which was of the 
same quality and prepared exactly as in the preceding trial. 

These flasks were kept in a dark place at 22® to 25® C. Quantitative 
determinations, made at intervals, are based on plates from but a single 
sample of each set, consequently the opportunity for error is materially 
increased. It can not, therefore, be claimed that these figures (Table II) 
show accurate comparisons. However, it is quite evident tliat between 
March 26 and April 17, during which time the sand was so dry as to 
make the multiplication of organisms impossible, the rate of decrease 
in the numbers of organisms taken from broth, milk, and soil solution 
was noticeably less than that of organisms from the other solutions. 
This implies a certain protection gained from the presence of nitrogenous 
or albuminous constituents in the milk or broth. To what substance or 
substances in the soil solution such protection should be credited can 
not be stated definitely. The slime, mentioned by Van Suchtelen (10, 
p, 154), may be of influence in this connection. 


Tabi«B ll.-^Longeviiy of Pseudomonas radicicola, dried in sand after suspension in 

different solutions 


Date. 

Salt solu- 
tion. 

Agar solu- 
tion. 

Gelatin 

solution. 

Gum-arabic 

solution. 

Broth. 

Milk. 

Soil solu- 
tion. 

March x8 . . 
26. . 

April 6 

17.... 

I, XOO, cx>0 
— 10,000 
“25 

“2J5 

1,500,000 
— 10, 000 

25 

“2$ 

X, 440, 000 
10, X25, 000 

50 

“25 

1,613,000 
— 10, 000 
“25 
“25 

1, 024, 000 
19, 967, 000 
220,000 
“25 

I, X76, 800 

185.000 

405.000 
“25 

X, 460, 000 
40,000 
8, 600 
“25 


An additional experiment was conducted employing the same cultures 
used in the previous experiments. The procedure was the same, except 
that as a basis for quantitative determinations two samples were taken 
from each set instead of one. As the plates from sevei^ of the flanks 
showed no colonies whatever on May 3, even in the lowest dilutions, 
which represented 1/25 gm., it was thought advisable in making the next 
determinations, on May 13, to take i-gm. samples from these flasks and 
mix them directly with the melted medium in the Petri dish instead of 
plating I c. c. of a dilute suspension as previously done. It is quite evi- 
dent that the direct mixture of the sand with the plating medium tends 
to give higher counts than those secured by plating the washings of the 
sand, for in the latter case a large number of organisms undoubtedly 
remain attached to the sand particles instead of being washed off into 
the suspension. This difference in technic may account for the apparent 
im^iease in numbers in certain cases, as shown by the last plating. 
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TablS III . — Longevity of Pseudomonas radidcola, dried in sand after suspension in 

different solutions 


Date. 

Saltsohi- 

tion. 

Aipirsolu- 

tUn. 

Gelatin 

•olutuni. 

Gum- 

arabic 

solution. 

Albumin 

solution. 

Broth. 

Milk. 

Soil solu- 
tion. 

April x6 

i,64&t000 

a, 144)000 

as 

X, 901)000 

-as 

xx6 

3)a34)0O0 

—as 

360,000 

S6 

2 

1,477)000 

428, 6as 

438,000 

4,oa6,ooo 

cxc 

x,a66,ooo 

May 3 

13 

•3 

XO6 

3io8o 








The figures in Table III offer littie except a general confirmation of 
the results of the two other experiments. As the sand was air dry after 
April 26, it may be understood that the counts on May 3 and May 13 
represent the numbers surviving 7 and 17 days desiccation, respectively. 
Attention must be called to the fact that the lack of figures to show the 
comparison in increase of bacteria in the different solutions between 
April 16 and April 26 makes it impossible to overlook entirely the func- 
tion of these different solutions in their nutritive capacity. Plates were 
made on April 26, but the nitrogen-free agar made up with maltose 
instead of saccharose proved an unfortunate choice; for no colonies 
whatever developed, although, as seen by the two subsequent platings, 
living organisms were then present in abundance. However, the favor- 
able influence of the soil solution, whether it may be as a food material 
for soil organisms or a protection during desiccation, can not be disputed. 

An experiment was conducted to compare the longevity of P. radi- 
cicola dried in quartz sand and in clay-loam garden soil. As in the fore- 
going experiments, the organism was grown for five days at room tem- 
perature on nitrogen-free ash agar. The bacterial growth from one agar 
slant was transferred to 12 c. c. of physiological salt solution and the 
mixture shaken thoroughly, and i c. c. of the suspension was diluted 
and plated quantitatively. To the two flasks each of clay loam and 
quartz sand were added 2 c. c. of the bacterial suspension. The clay 
loam had been sifted and air dried. The quartz sand had been prepared 
after Rahn's method, described previously. Fifty-gm. portions of each 
were placed in 100 c. c. Erlenmeyer flasks plugged with cotton and steril- 
ized by heating in the autoclave for 45 minutes under 15 poimds' pressure. 

The inoculated flasks were shaken to distribute the organisms through- 
out the sand or soil, and then kept in a dark, well-ventilated place at a 
temperature of 22® to 25® C. The number of living organisms per gram 
of sand and loam was determined at intervals by plating quantitatively 
from two samples of each. 


TablS IV . — Difference in longevity of Pseudomonas radidcola dried in quartz sand and 

in clay-loam soil 


Date. 

Sand. 

Clay loam. 

XpriX t 6 

1,648)000 

95 

1, 648,000 

49, 133 

33»o95 

Mbv ^ - 

Xa 
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It is evident from the data above tabulated that a larger number of 
organisms' survive a limited period of desiccation in clay loam than in 
quartz' isaad. tHs may be partly explained by the difference in grain 
size and hygroscopic moisture of the two. A given wdght of coarse 
quartz sand consisting of large particles has a surface much less than 
that of the same quantity of finely divided garden soil, and it therefore 
retains a much smaller amount of moisture in the hygroscopic form. If 
the grain rize were the only distinction between sand and clay-loam soil, 
it might properly be concluded that the longevity of organisms in such 
materials is directly proportional to the percentage of hygroscopic water 
retained. Such a conclusion is not permisrible, however, for the clay- 
loam soil differs from the sand not only in texture but in content of 
organic constituents. The amount of such material in any sand is small, 
and in this case, where the sand was treated with add, it may be regarded 
as having been absent. The experiments already described indicate that 
the soil solution contains substances which offer to the bacteria some 
protection against desiccation. The soil solution used in our experiments 
was extracted from just such a soil as was used in the experiment now 
under discussion. 

A further experiment was conducted to compare the changes in num- 
bers and kinds of organisms when soil solution is dried in different types 
of soils. Soil solution extracted from a rich garden loam was used for 
this experiment. The soils, obtained from the Soil Phyrics Department 
of the Michigan Agricultural College, were of five different types: Muck, 
sand, sandy loam, day, and day loam. 

Fifty-gm. portions of these soils in the air-dry condition were placed 
in loo c. c. Brlenmeyer flasks plugged with cotton and were then sterilized 
in the autodave for 45 minutes under 15 pounds pressure. For greater 
exactness the total quantity of soil solution was agitated and then divided 
into five 250 c. c. portions; from each of these r c. c. was plated on ordi- 
nary agar in dilutions of i to 10,000, i to 100,000 and i to 1,000,000. 
Ten flasks of each type of soil were then inoculated with the soil solution, 
all the solution used for any one t3q)e of soil being taken from a single 
fla^. Although it was desired to have the inoculum approximatdy 
equal in all cases, a quantity of liquid which hardy moistened the muck 
and day loam was found to more than saturate the coarser soils. So, 
to make the phyrical conditions more nearly alike, 15 c. c. of the solution 
was used for each flask of day, clay loam, and muck, but only 10 c. c. 
for the fladcs of sand and sandy loam. 

The inoculated flasks were kept on a shelf in the laboratory at a tem- 
pqature of 20® to 25“ C., exposed to very dim diffused light, and subject 
to the influence of normal variations in the humidity of tiie room atmos- 
pbere. At intervals of about four weeks quantitative determinations 
made, samples being taken from two flasks each soil. After the 
first plating, samples were taken from one flask opened at the previous 
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plating and from one new da^ each time, the obje^ bdng to secure 
more representative counts. Plates were made with ordinary agar and 
kept for one week at a temperature of 22° to 25** C. before counting. 

Moisture determinations were made in duplicate at the time of each 
quantitative plating, the bacterial counts b^g then computed on the 
oven-dry basis.* Small variations in the percentage of mc^tute, occur- 
ring after the soils attained the air-dry condition (which with sand and 
sandy loam was by March 3 and with the other three soils between 
March 3 and March 29), are probably the result of fluctuations in the 
humidity of the room air. In the case of day it was impossible to 
secure a thoroughly mixed sample, owing to its drying into a sort of 
hard, baked condition; therefore, a slight irregularity in the mdsture 
determinations could not be avoided. The data are recorded in Table V. 


TablS V . — Number of bacteria per gram in 50 grams of sand, sandy loam, clay, clay 
loam, and muck “when dried after the addition of soil solution 



10 c. c. of soil solution added. 


IS c. 

c. of soil solution added. 



Sand. 

Sandy loam. 

Clay. 

Clay loam. 

Muck. 

Date. 





I 






Number 

Per- 

Number 

Per- 

, Number 

Per- 

Number 

Per 

Number 

Per- 


of bac- 

cent- 

of bao- 

cent- 

‘ of bac- 

cent- 

of bac* 

cent- 

of bac- 

cent- 


teria per 

age of 

teria per 

age of 

teria per 

age of 

teria per 

age of 

teria per 

age of 
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water. 
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water. 
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water. 

gram. 

water. 

gram. 

water. 

19x4: 

385, 300 
4,3z8iOoo 




463,900 






NOV.X 7 

30.0 

170,000 

30.0 

30.0 

325,000 

30.0 

453,900 

33 , 689 ;Oo<^ 

30.0 

Dec. 99 

Z 4-54 

36,170,000 

X4.38 

XI, 500, 000 

38.96 

60,840,000 

31. 8x 

36.13 

tors: 










Jan. aS 
Mar. 3 

1 , 9 X 3,000 

6. 35 

5,806,000 

9.81 

1 , 493,000 

19 - 17 

36,006,000 

16.96 

z6, 6X3, 000! 

34.85 

X97»ooo| 


z» 5 S 5 »ooo 

.84 

9X4fOoo 

3' 59 

13 , 798,000 

9-83 

5,783,000 

* 9 *SX 

39 

S«» 90 o 

.36 

3,967,000 

.78 

553,000 

•93 

4» 659,000 

a - 93 

4,934,000 

16.33 

Apr.ax 

x8,900| 

.x6 

X, 066, 000 
983,000 

.84 

447 »x<» 

*•57 

4 . 135.000 

3.845.000 

3 - 3 * 

4 , 3 X 7,000 

16.33 

May 7 

33 , sool 

.27 

X.08 

378,800 

x.8z 

3-65 

2 , 330,000 

16.35 

Z 4 

37 »ooo 

. 33 

3 , 345,000 

X. xo 

378,000 

*•74 

3,9x4,000 

3 - 63 

3.703.000 

1.836.0001 

* 5 - 9 * 

June x8 
Sept 6a 

4x.oooj 

.30 

3 , 3 x 8,000 

X. 33 

494 fOOO 

X.98 

5,456,000 

4 - a6 

16.80 

Z37, 600 

.14 

6,533,000 

x.a 3 

X, 34 X ,000 

3 . 26 

11,686,000 

4 - 30 j 

3,781,000 

x6. 78 


o- This count was made by Mr. O- M. Gruziti Graduate Assistant in Bacteriology. 


With a view to determining the predominant types of organisms 
placed in the soils, isolations were made from a few of the most common 
types of colonies occurring on the plates of the original soil solution. 
The characteristics of these organisms vrere studied. It must not be 
assumed, however, from the fact that so few organisms were isolated, 
that the flora of the soil solution was limited to the species observed. 
The high dilutions necessary for obtaining accurate quantitative plates 
failed, of course, to show up the organisms which were present in smaller 
numbers. Prom tlib quantitative plates made after the soils reached the 
air-dry state, between Mardi 3 and May 7, isolations were made of the 
most numerous types. As the mode plates were frequently overgrown 
with a downy white mold, but few pure cultures could be obtained from 
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that source. As seen in Table V, the loam soils and mudc show a higher 
count (dx mcmths from the time of inoculation than do the day and 
sand. During the first six weeks all five soils contained an amount of 
mdsture sufficient for baderial growth, and during the last two months 
only were the soils in the air>dry state. The amount of activity in the 
period intermediate between the optimum and minimum supply of 
mdsture shows a gradual decrease, the rate varying in the different 
soils. 

While there was not a great difference in the initial counts, the oppor- 
tunity for bacterial growth in the five t3rpes of soil was by no means 
the same. This is clearly evidenced by the contrast between their 
counts during the first period, when the moisture content was yet suffi- 
cient to permit multiplication. Since the sand was saturated with the 
amount of soil solution used as an inoculum, it at first presented condi- 
tions more favorable to anaerobic than to aerobic spedes. As this 
amount of moisture diminished and the oxygen supply increased, oppor- 
tunity for the growth of aerobic t)T)es was given, but the extent of this 
favorable period was limited not only by the small amount of organic 
food material but also by the extremely rapid evaporation of moisture. 
Conditions in the clay were at first comparable with those in the sand, 
it being practically waterlogged. With the gradual reduction in mois- 
ture and increase in aeration, the growth of aerobic and facultative 
bacteria proceeded. The smaller size of the grains produced two notice- 
able effects — ^viz, a limited oxygen supply, inhibitory to the extensive 
multiplication of aerobic species, and a prolonged retention of moisture, 
which favored the longevity, if not the activity, of non-spore-bearing 
bacteria. As in the sand, a low content of organic nutrients acted as a 
natural limit to the growrth of saprophytic spedes. In the day Inatn, 
sandy loam, and muck multiplication was possible from the start, for 
the amount of solution used for inoculation was just suffident to mois- 
ten the soils without saturating them. Thdr higher content of organic 
substance also gave them an advantage in respect to nutrition. 

However, in these soils also differences in size of grain, thidfn<»ag of 
moisture film, and oxygen supply proved to be factors of more 
ttan the mere abundance of organic food substance. The muck, for 
instance, although containing the highest percentage of such organic 
materials, proved to be of a less favorable medium for bacterial growth 
than did the clay loam. The grain size of the clay loam appeared to be 
that which was most advantageous with respect to aeration, tbirlrtn .ss of 
moisture film, and retention of hygroscopic water. Its content of 
decomposable substances, while not so great as that of the mn< ;>k, was 
more than suffident for microbial devdopment. The sandy loam, with 
a. smaller amount of organic materials, somewhat larger grain size, and 
oowequently less hygroscopidty, did not show as large numbers of living 
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organisms at any time as did the day loam, although its oxygen supply 
in consequence of these same conditions must have been somewhat 
greater. 

We therefore perceive that the optimum condition for microbial 
activity in soil is a proper adjustment of these previously mentioned 
factors. With regard to longevity, fewer factors are concerned, the data 
so far obtained indicating that it is a function of both grain size (and 
therefore amount of hygroscopic moisture) and content of organic sub- 
stances. 

The influence of soil type was made evident not only in the numerical 
counts but also in the varieties of organisms persisting in the different 
soils throughout the two months during which they were in the air-dry 
state. As the condition of the sand had been such as to favor the develop- 
ment of organisms with high oxygen requirements, plates of high dilu- 
tion always showed a predominance of those types. Such of these as 
were spore bearers became a larger and larger proportion of the total 
number, as the period of desiccation extended and the non-spore-bearing 
species died out. Among the spore bearers most frequently found were 
Bacillus mycoides and aerobes of similar morphological and cultural 
characters. Of the non-spore-formers an organism found in larger num- 
bers than any other single species showed the greatest longevity. The 
characteristics of this organism are as follows: 

It is a rod with rounded ends, o.6m by 1.3 to 1.5^. It is actively motile, non-spote- 
forming and non-capsule-forming. It is frequently observed in pairs. It stains 
readily with aqueous alcoholic fuchsin. In nutrient broth it produces a decided 
turbidity, some sediment, and a soft surface scum. The growth on agar is glistening, 
translucent, grayish white, and very abundant. On a gelatin stab there is a white 
surface growth, with a filiform growth in the stab, but not liquefaction. Litmus milk 
becomes bluer after 48 hours; some peptonization in 30 days. No indol from Dun- 
ham’s peptone solution. Ammonia produced from Dunham’s solution and nitrates 
reduced. Facultative anaerobe. Optimum temperature, 25'^ C. Habitat, soil. 

Physical conditions in the clay had somewhat inhibited the extensive 
multiplication of strongly aerobic types, but permitted the development 
of facultative bacteria. Since anaerobic organisms could not be secured 
by the method of plating used, no mention of them is possible. As the 
non-spore-bearing types declined, the plates showed more evidence of 
spore-bearing, strictly aerobic varieties similar to those met with in the 
sand. The fact that such colonies were not found tmtil their diminishing 
numbers necessitated the use of lower dilutions suggests thdr develop- 
ment from spores which had merely remained latent in the clay without 
passing through a process of multiplication and subsequent destruction 
like the majority of the facultative non-spore-bearing species. The non- 
spore-forming organism showing greatest endurance of dericcation was a 
type identical with that persisting in the sand. 
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During the period of extensive multiplication, the plates from sandy 
loam, day loam, and muck showed quite similar types, although the 
sandy loam has slightly greater numbers of the strongly aerobic spore* 
forniitig species. As the numbers diminished, spore-beating t3q)es 
became more frequent on plates from both sandy loam and day loam, 
but were not evident on the plates from muck. It is to be inferred that 
the multiplication of those in the finest soil had not progressed to such 
an extent as to make their colonies numerous in high dilutions, their 
numbers apparently bang in proportion to the grain dze and amount of 
aeration. The most persistent non-spore-bearing organism was of the 
type already referred to, as found in day and sand. In addition to this, 
certain chromogenic coed and one variety of slime-forming organism were 
frequent on plates from all three of these soils through the time of desicca- 
tion. This slime former, which was espedally numerous on plates from 
muck, is described as follows: 

The organism is a rod 0.4^11 by 0.6 to o.jn; nonmotile. No spores observed. No 
capsule demonstrated. Stains readily with aqueous alcoholic fuchsin. Nutrient 
broth made slimy and very tvurbid. Growth on agar spreading, translucent, orange- 
yellow, jdimy. Gelatin stab, surface growth and rapid liquefaction. I.itmu3 milk 
discolored, alkaline, slimy; peptonization begun in 48 hours and complete in 10 
days. Facultative anaerobe. No indol from Dunham’s peptone solution. Ammonia 
produced from Dunham’s solution and nitrates reduced. Habitat, soil. 

Attention should be called to the rather peculiar circumstance that not 
one of the organisms isolated during the last two months corresponds to 
any one of the four organisms which predominated in the original soil 
solution used for the inoculation of the five soils. The extinction of these 
species may have been due either to the unfavorable influence of associa- 
tion with other organisms during the period of active multiplication or to 
their lack of endurance when supplied with less than the optimum 
amount of moisture. 

CONCLUSIONS 

(1) The survival of non-spore-bearing bacteria in air-dry soil is due, in 
part, to the retention by the soil of moisture in the hygroscopic form. 
This, however, is not the only factor, for the longevity of bacteria in a soil 
is not directly proportional to its grain size and hygroscopic moisture. 

(2) Bacteria, at least those tested, re^t desiccation longer in a rich 
day loam than in sand, under the conditions of our experiment. 

(3) If bacteria are suspended in the solution extracted from a rich day 
loam before being subjected to desiccation in sand, they live longer than 
if subjected to dericcation after suspenrion in physiological salt solution. 

(4) The solution extracted from a rich clay loam contains substances 
which have a protective influence upon bacteria subjected to desiccation. 


f 
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OBSERVATIONS ON THE LIFE HISTORY OF THE 
CHERRY LEAF BEETLE 

By Glsnn W. HEitRiCK, Entomologist^ and Robert Matheson, Assistant Ento^ 
mologist, Cornell University Agricultural Experiment Station 

INTRODUCTION 

The cherry leaf beetle (Galerucella cavicollis Lee.), which attracted 
much attention during the season of 1915, is a native insect that has 
adopted several new food plants, at least in the beetle stage. Not since 
the first record of its work on cultivated plants, in 1894, has its injury 
been as great or as widespread as during the summer just past. It would 
seem that the early prediction of Davis (2),^ who first recorded the beetle's 
work on cherry (Prunus spp.), was about to be fulfilled, that as it was a 
northern and widespread species we might expect it to become increas- 
ingly injurious from year to year. 

historical review 

The cherry leaf beetle was originally described by Le Conte in 1865 
(5, p. 2 1 6) from a single specimen received from North Carolina. Nothing 
further is recorded of this beetle till 1890, when Packard, who found this 
species in large numbers at Berlin Falls, N. H., eating holes in the leaves 
of wild cherry, probably the pin cherry {Prunus pennsylvanica), refers 
(7, p. 529) to it under the name "'Gcderuca sanguinea.** 

The next reference is by Davis (2), who reports it as being abundant 
at Bellaire, Mich., during the summer of 1894 and destroying the foliage 
of cultivated cherries. This is the first record of this beetle's attacking 
the foliage of cultivated trees, and Davis makes the suggestion that as 
this insect is a northern species it may yet become quite injurious. The 
larvae were found in this same locality; but it is not stated on what plants 
they were feeding, though the writer states that wild cherries were only 
a short distance away. 

Lintner (6) records this beetle as occurring in thousands on June 10, 
1895, at Ausable Forks, N. Y., feeding on the foliage of the cherry left 
uninjured by late frosts. He also states that his correspondent found 
this same insect at work early in July on the foliage of young chestnut 
trees, but that he did not verify this observation. 

Felt (3), in 1898, records outbreaks of this insect at Coming, N. Y., 
the beetles occurring in such numbers as to threaten the destmetion of 
the trees. Smith was the first to record the occurrence of this beetle on 
peach, having found it in Pennsylvania during the summer of 1898. 

1 Rderence is nude by number to *Xiterature cited.'* p. 949^ 

loutnftl of AgriciUttuml Resesreb* 

Dept ol Agiiaiaitfe, Wesbiaaton, D. C. 
ck 


iitii 


<943) 


Vol. V, No. ao 
Feb. Z 4 , xgx6 
N. Y. (Cornell)— a 





944 i I Jowmal f>f Agricidtwral Research volv.nd. •» 

Johnson (4) r^rts an extensive outbreak on “fire cherry” (Prunus 
pennsylmnica) at Ricketts, Wyoming County, Pa., during September, 
1897, &e beetles and larvae occurring in immense numbers. 

Chittenden (i) reports outbreaks of this beetle in June, 1898, at St 
Ignace, Mich., on cherry and at Spruce Creek, Huntington County, Mich., 
on young peach trees. He states that larvae are known to feed on cherry 
and probably also on peach, but mentions no definite records of such 
occurrences on the peach. 

Since the publication of Chittenden’s article, nothing has been recorded 
ci this insect, and undoubtedly during all the years since 1898 no injury 
of any consequence has been committed by it. 

OUTBREAKS IN NEW YORK IN 1915 

During the summer of 1915 several severe outbreaks occurred in New 
York, the beetles defoliating cherry, peach (Amygdalus persica), and 
plum {Prunus spp.). On June 3 Mr. E. P. Putnam, of Jamestown, N. Y., 
wrote the Entomological Department, inclosing specimens of beetles, 
saying that they were defoliating wild cherry and peach trees in the park 
and also reported them as seriously defoliating cherry and peach trees 
throughout the town and neighboring districts. On June 11, Mr. H. B. 
Rogers reported them as injuring cherry and peach and later wrote that 
this beetle had done considerable injury throughout Chautauqua County. 
Reports of injury have been received from the following localities : Sonyea 
(cherry, peach, and plum) ; Perry, Scio (cherry) ; Olean, Honeoye Falls 
(cherry) ; Bath (cherry) ; Holland (cherry) ; Collins, Gowanda, Wyoming, 
Batavia (cherry and peach) ; Perrysburg (cherry) ; Jamestown (cherry and 
peach) ; Chautauqua (cherry and peach) ; Kennedy, Fredonia, Ripley (plum 
and peach) ; Castile (cherry) ; Elmira (cherry and peach) ; Homell (cherry) ; 
and Ithaca (cherry and peach). All these reports came during the month 
of June and early in July and nothing has been beard of later injury. 
Evidently the beetles have not bred locally in such numbers that the 
work of the adults would attract attention in August and September. 

The causes which brought about so widespread an outbreak of this 
insect can not at present be determined. Practically all the injury was 
restricted to western and southwestern New York. It has been sug- 
gested that the beetles migrated northward from Pennsylvania, but this 
does not seem plauable, as the native host, Prunus pennsylvanica, is a 
northern tree, occurring southward only as far as Pennsylvania and in 
the mountmns to North Carolina and Tennessee. Conditions must have 
jbeen favorable for the increase of this beetle in 1914 and hibernation 
tntist have been attended with little loss of life, resulting in such large 
Bsbibers of the overwintering beetles as to cause overcrowding of the 
nc^ttnal food plants. Should favorable conditions prevail during any 
yieii^^,we may again look for a sudden and perhaps more widesinead out* 
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WFE HISTORY ANB HABITS 

The cherry leaf beetle is a pretty, dull-red beetle measuring 4.5 to 
5.5 mm. in length (PI. LXIV, fig. i). The antennae are black, and the 
legs vary from almost black to nearly reddish in color. There are no 
strikingly distinguishing characters, but the coloring will nearly always 
serve to separate it from the more closely related northern species. The 
beetle is widely distributed, occurring from Canada through the New 
England States southward into Pennsylvania and west to Wisconsin. 
Chittenden (i) also records it from Texas and Vancouver, British 
Columbia. The original specimen described by Ee Conte (5, p. 216) is 
from North Carolina. 

This insect is one of our natxve beet es and up to 1894 had only been 
recorded on wild cherry. In that year it was found attacking the culti- 
vated cherry, destroying the foliage. Eater Smith (8) recorded it as 
injuring peach, and this year it has been reported as feeding on plum. 
How much more extended the feeding habits of this beetle may become 
can not even be guessed, though its future destructiveness will depend 
largely upon whether the larvae can also adapt themselves to new and 
closely related food plants. 

The beetles pass the winter in hibernation and, although the time 
of emergence has not been determined, they probably appear in May 
or, if the weather is favorable, during the latter part of April. They 
feed actively during May and June not only on the pin cherry but also 
on the peach, cherry, and in some instances the plum (PI. EXV, fig. 5). 
In the field the beetles began to leave the cultivated food plants early in 
July and practically all had gone by the middle of the month. 

In New York State there is only a single brood a season. The new 
brood of adults appears during the second week in August and becomes 
common during the latter part of the month and early September; they 
feed almost exclusively on the pin cherry and do not seem to migrate far 
from their host plant. In our rearing cages they began entering the soil 
or crawling under stones about the middle of September, but on fine days 
would return to feed on the pin-cherry foliage. In early October they 
had all entered hibernating quarters and did not leave them even on the 
finest or warmest days. 

The work of the beetles is most noticeable during June and early July. 
After the middle of July the beetles had largely disappeared from the 
cultivated trees about Ithaca. Although many adults had been seen 
in copula, no eggs were observed, despite a close watch on all their new 
food plants. It was supposed that in accordance with the habits of 
closely allied species, as the elm leaf beetle (Galer cdla hdeda)^ the 
eggs would be found on the host plant. 

On July 21 Mr. Cotton, a student in the Entomological Department, 
found adults and what he considered larvae of this species on pin cherry. 
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On exaniinati<»iiit was at oaiseMsen that there were larvae in adl stages, but 
the ck^t seatrch did not revttd a single egg on the foliage or trunk or 
branciMS of the tree. The youngest larvae, which seemed to us to have 
just hatched, were very active, running about over the trunk and branches, 
and a search at the base of the trees soon revealed immense numbers of 
eg^ just below the surface of the soil, in the matted grass, under sticks, 
aa|)i among rubbish. 

THE EGG 

We did not observe the date of the first egg laying nor determine the 
number of eggs laid by a angle female. At Ithaica egg laying occurs 
firom June to August. If we judge from the length of the larvail life 
amd the egg staige, the deposition of eggs at Ithaca undoubtedly begam 
the kist week in June. The egg-laying period extended throughout July 
amd the early part of August. 

The egg is entirely different in shape from that of closely allied species. 
It is oval, of a light-straw color, and measures 0.72 to 0.84 mm. in length 
by 0.60 to 0.64 mm. in width. The entire surfaice is marked with rather 
regulair hexagonal areas. Large numbers of these eggs were found at the 
base of the few pin-cherry trees located close to the Cornell University 
grounds. The eggs adhered rather firmly to each other and to the matted 
grass. Although dose search was made, no eggs could be found at the 
base of any other spedes of Prunus (PI. LXV, fig. 1,2). 

THE LARVA 

During the latter part of July eggs hatched in from 14 to 18 days after 
they were laid. The young larva escapes from the egg by cutting a hole 
through one side with the mandibles. The young larvae are very active, 
running about rapidly. They soon find their way to the trunk of the tree 
and could be seen any time during the hatching period dambering 
activdy over the branches in search of the young and tender foliage near 
the tips of the twigs. They are found most commonly on the under 
surface of the foliage dcdetonizing the leaves. They feed ravenously, 
grow rapidly, and reach maturity in from two to three weeks. Where 
the larvse are abundant all the foliage may be so completdy skdetonized 
as to turn brown and die, giving the trees a scorched appearance (PI. 
LXV, fig. 3, 4). The length of the life cyde, with the number erf molts, 
is given in Table I. 
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TablK I . — Length of Ufe cycle and number of molts of the cherry leaf beetle 


Eggs. 

Fir»t stage. 

Second stage. 

f 

Tblrd Stage. 

Entered soil 
to pupate. 

Emergence 
of adult. 

lAid.» 

Hatdied. 


Juljir 23 


ruly 30 
[uly 29 
■uly 30 
uly 28 
uly 27 
29 



Ai^. zo 

Au^ 28 

Aug. 26 
Aug. 24 
Aug. as 
Aug. 27 
Aug. 26 
Aug. 27 
Aug. 28 



... do .... . 

Aug. 4 

Aug. 8 
Aug. 4 
Aug. 6 
Aug. 8 

Aug. 9 

5 

Aug. 7 
Aug. 9 


. . .do 


... do 


. . .do 

Aug. 3 
Aug. 1 


... do 


. , . do ..... 


fuly 30 
[uly 28 


. . .do 

. . .do 

. . .do 







> From mnother series of experiments the length of the egg stage was determined. The eggs hatched as 
follows: X5» z8, i7» x8. z6* z8, and 14 days after they were laid. The average is z6 days. If this were taken 
as the average length of the egg sta^, die total length of the life cycle from the egg to the adult would vary 
from 48 to 53 (lays* 

DBSCRIPTION OF LARVAL STAGE 

First instar. — ^The newly-hatched larva is depressed, fuscous in color, 
the head, thoracic shield, legs, and anal segment, black. Scattered over 
the larva are a number of setae. Length, 1.4 to 1,6 mm.; greatest width, 
0.45 to 0.50 mm. 

Second instar. — Nearly cylindrical, slightly depressed, fuscous to 
brown in color, the head, legs, thoracic and anal shields black. The 
ground color is almost entirely obscured by the black areas as shown in 
Plate LXIV, figure 2. On each segment, except the prothoracic and anal, 
there are two oval, rather sharply defined, large, black areas separated 
from each other by a narrow line. Laterad of the black areas are 
angular black markings as shown in Plate LXIV, figure 2. Length, 2.5 
to 3.5 mm. 

Mature uarva, third insTx\r. — Length, 6 to 8 mm., nearly cylin- 
drical, somewhat depressed, with an average width of about 2 mm. (PI. 
LXIV, fig. 3). The larva after the second molt measures 5 mm. in length 
and is black in color. As it feeds, the black spots and markings become 
separated and the brownish yellow ground color shows distinctly. Head 
black, narrower than thorax; mouth parts yellowish brown. Legs, 
prothoracic and anal shields black. Dorsally each segment, except the 
prothorax and anal segments, with two sharply defined oval to rectangular 
black areas separated by a brownish yellow line; laterad of each of these 
there is an angular black spot and beyond each of these a smaller rounded 
%lack mark. Along the lateral margin there is an elongate oval black 
spot on each segment. The venter of each abdominal segment is marked 
with five dark brown to black spots, the central one being largest. The 
prostemum is black; meso- and meta-stema each with a narrow, elongate, 
black area in front and two black rounded spots just caudad of it. 
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WOOp OF rm LARVA 

Pixw a dose examination about Ithaca we failed to find the larvse 
ptescspi on any trees but the pin cherry. The few trees of this spedes 
located near the campus swarming with the beetles and larvee. 
Honliver, on the other food plaifts of the adult we found, late iii the 
season, only a few beetles and no larvae. To determine whether the 
lar^ could survive and reach maturity on the other spedes of Prunus 
the fdlowing experiments were performed: 

I.— On July 23 six larvae, some almost mature, were placed on the 
leaves of Prunits avium. Two died on July 25, two more on the 27th, and the remain' 
two entered the soil to pupate on July 28, the adults emergmg on August 15. The 
iihmattue larvae did not feed, but the nearly mature forms fed slightly before entering 
the soil to pupate. 

ExPEaiM^KT 2.-— On July 23 two young larvae were placed on leaves of Prunus 
avium. Both died on the 26th without having fed at all. 

Expbiumbnt 3. — On July 27 three half-grown larvae were placed on leaves of 
Prunus virginiana. On the 28th all had left and entered the soil in an attempt to 
pupate. Eater all failed to pupate and died. 

ExpERiMnNT 4. — On July 27 five half-grown larvae were placed on leaves of Prunus 
virginiana. On July 28 one was dead and the others entered the soil. All failed to 
reach maturity. 

Experiment 5. — On July 28 three half-grown larvae were placed on leaves of 
Pnmus serotina. All failed to feed and died on July 31. On the same day four more 
half-grown larvae were placed on leaves of P. serotina. All failed to feed and died on 
July 30. 

It will be seen from the above experiments that the larvae seem to be 
unable to survive on either the cultivated sweet cherry {Prunus avium) 
or the common two native varieties P, serotina and P. virgimana. It is 
unfortunate that through an oversight experiments were not made with 
the other spedes of Prunus. The food plants of the larvae are undoubt- 
edly restricted at the present time to the wild red, or pin, cherry. Whether 
the larva can succeed in adapting itself to other host plants seems to be 
a doubtful question, so that in the future the abundance of the beetles 
will depend not so much on the presence of its enemies as on a goodly 
supply of the larval food plant. 


THE PUPA 

Pupation takes place at or slightly bdow the surface of the soil. 
No spedal preparation is made by the larva, the pupa often lying 
openly on the surface in the grass or under rubbish. The pupa is bright 
yellow, strongly convex, without any distinguishing markings. Sc^ti 
tered over it are small, short brownish tipped setae, which aid in pre- 
venting injury from the soil. The tip of the abdomen is furnished with 
two diverging strong black spines (PL LXIV, fig. 4). 
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CONTROL OF CHERRY LEAF BEETLE 

On account of the comparatively small numbers of the beetles at 
Ithaca, we were not able to conduct control experiments. However, 
several of our correspondents have ha^ good success with lead arsenate 
(paste) used at the rate of 4 to 5 pounds to 100 gallons of water and also 
with a spray containing 40 per cent nicotine. In the case of the nico- 
tine spray our correspondent used it at the rate of 3 pints to 100 gallons 
of water ^d reported good success. He also reports failure with lead 
arsenate, though using treble and even quadruple the quantities gener- 
ally recommended for foliage-feeding insects. 
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PLATE LXIV 
Galerucella cavicollis: 

Fig. i.—Adult, 

Fig. a. — Larvii, second inslar. 

Fig. 3.‘--LannS, third instar* 

Fig. 4.— Pupa. 
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PLATE LXV 
Galerucella camcollis: 


Fig. I. — lEggs on gnmnd at base of tree. 
Fig. a.— Eggs, enlarged. 

Fig. 3. — ^Larvae feeding on leaf. 

Fig. 4. — ^Work of larvae on foliage. 

Fig. 5. — Work of beetles on foliage. 




APPARATUS FOR MEASURING THE WEAR OF CON- 
CRETE ROADS 


By A. T. Goldbbck, 

Engineer of Tests t Office of Public Roads and Rural Engineering 

Many miles of concrete roads have been built during the past few 
years, and the methods employed in their construction are rapidly becom- 
ing standardized. The concrete mixture is now made comparatively 
rich, and in general the aggregates are selected with as much care as 
present knowledge of these materials permits. Even yet, however, it 
is doubtful whether the right mixture is being used for the purpose: 
Whether it is too rich for economy or whether it should be made still 
richer. It is questionable what kinds of coarse aggregates give the most 
economical results: Whether they should be composed of hard, tough 
fragments of trap rock or of softer, more friable pieces of limestone of 
approximately the same degree of hardness as the mortar in which they 
are embedded; whether angular fragments of crushed stone should be 
used or whether round pieces of gravel are equally satisfactory. Definite 
knowledge on these points based on scientific information seems to be 
lacking. 

The ideal concrete road should wear uniformly and slowly. When 
due care is exerdsed in construction and the necessary precautions are 
taken in maintenance, uniformity of wear may to a large extent be 
controlled. But little is known about the rate of wear of concrete roads 
having various aggregates and carrying different kinds of traffic. General 
observation indicates that some roads with particular kinds of aggregates 
are wearing more slowly than others containing different coarse aggre- 
gates, even though the traffic conditions are nearly alike. We have, 
however, no definite idea of the amount of wear in these different roads. 
There must come a time in the life of every concrete road when, notwith- 
standing careful maintenance through crack protection and patching, 
its thickness will approach the minimum, making imperative the ex- 
penditure of a considerable amount of money for a new wearing surface 
to replace that gradually worn away by traflSc. Every fractional part 
of an inch decrease in . thickness therefore represents a very definite 
depreciation in the value of the pavement. Money can not be expended 
intelligently on various aggregates mixed with cement in different propor- 
tions for road construction without accurate knowledge of one of the 
most important factors governing the expenditure — ^namely, the probable 
rate of depreciation of the road as determined by actual wear. 
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Hiis considerwiioii has led Uie Office <rf Public Roads and Rural Engi- 
to attonpt to gain definite knowledge df the wear of concrete 
toads (Carrying various kinds of traffic, and a special instrument has been 
by rite writer and built in this office for that purpose. Several 
methods of talriiig autographic records of the cross section of the road 
were considered, but were discarded in favor of the simpler and more 
portable form of instrument finally constructed. 

l^sentially, this instrument consists of a fine wire stretched tightly 
across the toad at a constant height, together with an inside micrometer 
lor measuring the distance from the road surface to the wire. Measure- 
ments taken i foot apart across the road permit the plotting of its cross 
section, and if these measurements are repeated at long intervals the 
change of cross section or the decrease in the thickness of the road will 
be revealed. 

The aocompan 3 dng illustrations show the instrument in detail and its 
method of application on the toad. If Plate LXVI, figure i, and text 
figure I are first rderred to, the component parts of the apparatus may 
be seen very plainly. 

Pieces A and B are made of cement mortar and have embedded in them 
steel rods, C, drilled with holes slightly inclined with the horizontal. A 
fine piano wire about o.oi of an inch in diameter is passed through these 
holes and is stretched across the road from block A to block B. The tops 
oS. these rods are each provided with a disk-level bubble, so that when 
placed in porition in the road the rods may be adjusted to a vertical 
position. Block A, which is heavier than block B, is provided with two 
adjusting screws, D, for adjusting rod C to the vertical. Block B rests on 
two points only, one the lower end of rod C and the other the end of 
adjusting screw D. Constant tension is produced in the wire by the 
weight of block B, which is pivoted about the bottom of rod C and is 
adjusted to a horizontal position by means of rack E, provided at the end 
of the wire. As the weight of block B is constant, the tension in the wire, 
and consequently the amount of sag for like spans, must remain the same. 
A very definite and fixed datum is thus provided, which should remain 
constant from year to year and which is very easily established by merely 
placing the end blocks of the apparatus in their proper position on the 
road. 

The bottoms oi rods C are spherical in shape; and when in use on 
concrete roads, they rest on the flat tops of bronze plugs cemented in the 
road surface. These plugs are }4 inch in diameter and are inches 
long. They are set ^ inch below the surface, and their tops are protected 
by means of a brass pipe plugged with a bituminous-sand mixture during 
tte long intervals between readings. 

In obtaining the wear measurements a chalk line is first snapped 
across the road between the bronze plugs, and the points at whirii it is 







954 


Jounud of Agricultuiral Roseardk 


V<AV. Ko.«e 


puiposed to talce readings are marked on this line. At these points a 
steel bAhck, G, a inches in diameter, is placed, in order to evcnd measuring 
the snail local inequalities in the road surface. In the top of this block 
a flat 4 }ottomed cylindrical recess is made, and an ordinary inside microm- 
eter is held in the recess, while its upper end is adjusted to contact with 
the steel wire stretched across the road. An electric buzzer, H, is mounted 
on the sde of this block, and when contact is made between the micrometer 
and the wire an electric circuit is completed through the buzzer. With 
i-Wa instrument readings for wear may be taken to the nearest 0.001 
inch, although this degree of accuracy will not be necessary. 

Holes in the road in which the bronze plugs are set are drilled by 
means of a special hand-operated drill press carrying a star drill. 

In Plate LXVl, figure 2, the method of mounting the apparatus in 
the road and its manipulation are plainly shown. On the left is the 
heavier end block carrying the batteries, and on the right is the lighter 
block the weight of which supplies constant tension to the fine steel 
wire, part of which is seen in front of the operator. The cord extending 
on the road surface from the heavier block to the small steel block carry- 
ing the micrometer is one of the leads from the battery to the electric 
buzzer. 

Placing the buzzer in this position near the operator obviously is 
advantageous, especially when the instrument is to be used amidst the 
distracting noises of traffic. The end blocks are set as near to the sides 
of the road as practicable, in order to permit measurements being taken 
across almost the entire width of the road. Should longitudinal cracks 
develop through the sections measured, the readings so taken will be 
rendered useless; and in order to eliminate this difficulty, sufficient plugs 
must be set to permit obtaining readings at uncracked sections. 

Wear measurements of this kind taken of the actual road surface 
should prove of great future value if the traffic conditions and the phys- 
ical characteristics of the concrete materials likewise are known, and 
should help to decide present moot questions regarding concrete roads 
and road materials. Not only may concrete surfaces be measured for 
wear in this manner, but the wear or vertical movement of other kinds 
of road surfaces may likewise be determined by the use of this instrument. 
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PLATE LXVI 

Pig. X. — FliotDgra|ih of detailsof instrument for measuring wear of roads; A, Heavy 
mortar hUtek; B, light mortar block; C, steel rod; D, level adjusting screws; £, 
adjusting xBck; F, inside micrometer; G, steel bearing block; ff, electric buzzer. 
Pig. a.— Instrument in use on concrete road. 
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most of the unfertilized females were observed to produce some sterile 
eggs, frequently laying the entire 6. 

During the fall of 1914, eggs were first observed on the trees at Vienna, 
Va., on September 29. These were newly laid, being still yellow in 
color. 

SUMMARY OF LIFE HISTORY 

The life history of Aphis pomi may be briefly outlined as follows: The 
egg is laid upon the tender twigs of the apple, though occasionally it is 
laid upon the bark of the older twigs. It is light yellow when laid, but 
later changes to shining black. Development for a few days is very 
rapid, after which the egg rests for the winter. When the revolution of 
the embryo is completed in the spring, an increase in temperature will 
cause the egg to hatch. Before this revolution a high temperature only 
tends to destroy it. Early in April the egg hatches by a uniform splitting 
over the insect’s head. 

The stem mother is wingless and becomes mature in about 10 days. 
She produces summer forms, both winged and wingless, with the winged 
ones predominating. There are 9 to 17 generations of the summer forms 
at Vienna, Va. After the second generation the wingless forms always 
outnumber the others, but winged forms may occur in every generation. 
They become rare toward the end of the season. On the other hand, a 
wingless line may be carried from the stem mother to the egg. A third 
form, the intermediate, may occur throughout the summer. 

The wingless sexes begin to appear about the 1st of September. They 
occur in all generations, from the eleventh to the nineteenth, inclusive, 
and probably also in the ninth and tenth. 

The summer wingless forms and the oviparous females, which live 
longer than the males, remain on the trees at Vienna, Va., until the 
leaves drop, usually about the middle to the last of November. 

Mating commences toward the close of September, one male usually 
serving more than one female. Both sexes feed. The oviparous female 
may lay infertile eggs if not reached by a male, and these eggs do not 
become black. The fertile egg develops to the resting stage before the 
first heavy frosts; otherwise it tnay be winterkilled and will not hatch 
to a stem mother the following spring. 

GENEALOGICAL DIAGRAM 

The accompanying diagram (fig. 4) shows the number of lines possible 
from one stem mother as indicated by the writers’ breeding experiments. 
A line from each form reproduced in any given generation from known 
parents was carried until the sexual forms appeared. In some cases 
the lines indicated either died or were lost. The former are shown by a 
short transverse line (~) and the latter by (?). It will be seen from the 
chart that one direct wingless line was obtained from the stem mother 
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and that a similar wingless line was obtained from the winged offspring 
of the stem mother. No direct winged line was obtained, and in those 
where winged individuals were in some numbers intermediates usually 
occurred also. Each large circle in the chart represents a generation. 
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PLATE LXVII 

Forms of Aphis pomi: 

Fig. I. — ^Winged viviparous female. 

Fig. 2. — ^Male. 

Fig. 3.— Pupa. 

Fig. 4. — Oviparous female. 

Fig. 5. — Wingless viviparous female. 

Fig. 6. — Intermediate. 
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PLATE LXVIII 
Embryology of Aphis pomi: 

Fig. I. — Fertilized egg previous to formation of blastoderm. 

Fig. 2. — Fertilized egg showing formation of blastoderm. 

Fig. 3. — Unfertilized egg. 

Fig. 4. — Polar organ. 

Fig. <. — Condition of embrs^o and polar organ at commencement of revolution. 
Fig. 6.— Yolk cell. 

Fig. 7. — Germ cell. 



PLATE LXIX 
Enibr3^1ogy of Aphis pomi: 


Fig. I. — Ovarian yolk before division. 

Fig. 2 . — Half of ovarian yolk shortly after dumb-bell” formation. 
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PLATK LXX 

Embryology of Aphis pomi: 

Fig. I. — Half of ovarian yolk, end chambers forming. 
Fig. 2. — Half of ovarian yolk, end chambers formed. 



PLATE LXXI 
Embryology of Aphis pomi: 

Fig. I. — Half of ovarian yolk, egg chambers forming; condition at time of hatching. 
Fig. 2. — Thickening serosa accompanied by cells of polar organ. 
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INTRODUCTION 

Owing to the abundance of the green apple aphis {Aphis pomi De Geer) 
at all times in most apple-growing regions and to the serious outbreaks 
of the species at different places and in different seasons, the writers 
were instructed to make a careful study of its life history. It was 
thought best to study the embryology of the insect in order, if possible, 
to explain the high mortality of the eggs in certain cases, their wintering 
condition, and, among other things, the most suitable time to attempt 
their destruction. Eggs were therefore taken during the winter of 
1913-14 and again during that of 1914--15. With the opening of the 
season of 1914 generation experiments were begun at the deciduous fruit 
insect laboratory at Vienna, Va., and carried throughout the summer, 
fall, and early winter until the last sexes and eggs of the year were 
obtained. The material obtained from these experiments and the eggs 
in hand were studied and the manuscript prepared for publication during 
the winter of 1914-15. 
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During the summer the writers were assisted by Miss Dorothy Walton, 
and for three months by Miss Meta Neuman. These yOung ladies pre- 
pared the mounts of much of the summer material. 

NAME OF THE SPECIES 

The green apple aphis was first described by De Geer in 1773 (i, p. 53)* 
as follows: 

Aphis (pomi) flavo-virides, comiculis longioribus, pedibus antennisque nigre- 
scentibus, Pomi. 

After giving this brief description De Geer enters upon a discussion 
of the insect, describing the different forms and giving interesting 
observations on the life history. For so early an account this is a very 
complete one and is much more valuable than many of those of more 
recent date. 

In 1775 Fabricius (2, p. 737, no. 19) redescribed the species as follows: 

A, Pyri, mali. 

Habitat sub pyri mali foliis. 

Corpus viride, antennis pedibusque fuscis. Abdomen nec marginatum, nec 
plicatum. Anus terminator stylo nigro. Comiculi cylindrici, nigri. Variat corpora 
toto rufescente, pedibus fuscis et interdum pedibus lividis, geniculis fuscis. 

This name, Aphis mali Fab., was that by which the insect was com- 
monly known Until recent years. There seems, however, little reason 
for having adopted it, as Fabricius himself in 1794 (3, p. 216, no. 29) 
gives De Geer’s insect as synonymous with his. He, however, uses his 
own name ‘"wo/i” for the species and disregards De Geer’s pomi'^ 
altogether. '*Mali” then, became the accepted name for the species. 
Unfortunately in this country the name ''mali” was for many years 
applied to an entirely different species, now known as "avenae Fab.,” 
under the impression that it was the apple insect of Fabricius. This 
error was first introduced into the literature of this country by Fitch 
(5, p. 65), and the same author later (6, p. 753-764; repr. p. 49-60) 
gave a very good description of avenae, under the name "mali” In 
this, however, he was only following European entomologists, such as 
Walker (4, p. 269), who used the name "mali” for an entirely distinct 
aphis. 

Later writers followed in the same path, some, such as Buckton (7, p, 
44, pi. 50), even confusing several species under the name. Sanderson 
(10, p. 191) used the name "padi” for this species in 1901. In more 
recent years De Geer’s name has been given preference, and in this coun- 
try the descriptions of Smith (9) and Sanderson (ii, p. 130) have fixed 
the species to which it should be applied. The insect herein discussed 
must then be known as "Aphis pomi De Geer.” 


* Reference is made by niunber to ** Literature cited,” p. 99a'~993. 




PLATE LXXIII 

Embryology of Aphis pomt: Emerging nymph, showing egg burster. 
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HISTORY AND DISTRIBUTION 

Apparently the earliest record of the green apple aphis is the description 
by De Geer (i, p. 53), who states, in connection with this description, 
that he made rather extended observations of the species during the au- 
tumn of 1746. He also states that the insects were very abundant on 
the apple {McUus spp.) and often killed young trees. De Geer’s obser- 
vations were made in Sweden. Since the original description, many 
other European records have been made, and the species is now known 
to occur in every country of Europe and at least as far east as Turkestan 
in Asia. Many writers have reported it as being very injurious, particu- 
larly to young trees. 

The unfortunate confusion of names makes it impossible to determine 
to which species the earlier records in this country really pertain. By 
previous writers pomi has been considered of much more recent occur- 
rence in this country than the other apple species, avenae. This opinion, 
however, is not well founded. Although the descriptions given by Fitch 
(5» P*b5; 6, p. 753-764; repr. p. 49-60) prove that he considered 
to be the true mali, an examination of the material from the Fitch collec- 
tion shows that part of his insects were avenae and part of them pomi, 
even as they might be collected to-day by one not knowing the differ- 
ences between the species. The specimens of pomi are maj^ked “ showing 
variations,” which would indicate that, although Fitch noted the differ- 
ences, he did not consider them of specific value. This shows pomi to have 
been located in this country nearly as early as we have any definite records. 
It was taken in Washington State in 1883 and in the District of Columbia 
in the same year. Williams collected it in St. Louis in 1894, ^^^d in all 
probability the forms referred to as mali by Co wen in 1895, in the bul- 
letin by Gillette and Baker (8, p. 120) wxtc pomi, since he observed both 
winged and wingless insects on the apple on August 23. It was present 
in Illinois in 1897, and no doubt was well distributed over the country 
much earlier than we have heretofore supposed. 

In 1900 Smith (9) published a life history of this species. His first 
definite observations were made in 1897, and he first separated the 
species from the mali of American authors. In 1902 Sanderson (ii, p. 
130) published life-history notes on the species under the name ** pomi 
De Geer.” 

It is known that this species occurs throughout the country wherever 
apples are grown. The accompanying map (fig. i) merely shows definite 
localities from which we have records of the insect. It would indicate 
that the species is most abundant in the East. This, however, is not 
the case, since various observers in the West record it as occurring 
throughout their States. It appears to be particularly abundant in 
Colorado and the neighboring States. 
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Aphis pomi also occurs in Canada, being found .from Nova Scotia to 
British Columbia. It has recently been recorded in the Kootenai and 
Okanagan districts of the latter Province. 

Outside of Europe and North America few records of the species occur. 
It is present in Japan (i8) and Dewar (12, p. 12) records it from Orange 
Free State. 

It is rather remarkable that this aphis has not become even more widely 
spread, since it is typically a nursery species and in the egg state is easily 
transported on nursery stock. 

Both in this country and in Europe Aphis pomi is usually abundant 
and particularly injurious at irregular intervals. Thus, in 1911 a severe 
outbreak occurred in Virginia, while in 1912 the species was very abun* 



Fig. I. — Map showing the localities in the United States from which the Bureau of Entomology hat 
actual records of the green apple aphis pomi). 


dant in New England and New York. Similar phenomena have been 
noted from Russia. In some portions of this country, however, it seems 
to be always present and injurious. Gillette and Taylor (14) state that 
in Colorado '"A. pomi is one of our very worst orchard enemies.” 

METHODS OF STUDY 

Experiments. — In initiating the experiments on which the following 
paper is based, (twigs which bore eggs were collected at the time the eggs 
were beginning to hatch. These were kept under close observation. 
As soon as an egg hatched, the young stem mother was transferred to 
another twig kept in a vial of water. Although fairly satisfactory at 
first, this method of handling the food soon proved to be undesirable. 
Therefore there were substituted, first, dormant seedlings which had 
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been kept in a cellar all winter, and later young green apple seedlings 
grown in pots. In handling the dormant stock the tops were cut off, 
leaving a stem of 4 or 5 inches, and growth was started by keeping the 
roots in water for 8 or 10 days before planting. 

The plants were covered by lantern-globe cages — inverted lantern 
globes with cheesecloth fastened over the bottom by a rubber band. 

After the first two weeks all work was carried on in an insectary all 
four sides of which were made of fly screen. This duplicated normal 
conditions very closely, except that in most cases the direct rays of the 
sun could not reach the plants during the middle of the day. 

In the actual handling of the insects it was found that it was much 
better to transfer adults than young, as this transfer of adults could be 
accomplished much more quickly and with greater safety, there being 
less danger of breaking the beak of the mature insects. Consequently 
several generations were reared, one after another, on one plant. This 
was also of great advantage in studying the effect of a prolonged use 
of good or poor food. 

The usual custom in rearing aphides appears to be to raise the first 
bom from the first bom and the la^t from the last throughout the season. 
Since it was desired to raise young from both wingless and winged 
mothers in every case, this method proved to be impracticable. More- 
over, the opinion was held — an opinion which has been confirmed by 
the past season’s work — that the thorough study of a species can not 
be accomplished by such methods, because too few insectS^ are reared. 
Consequently, as many insects as possible were carried to maturity, the 
number varying between a few to 60 or more for each experiment. The 
winged forms were transferred to new plants as pupse. The wingless form 
was reared to maturity, and then all but from one to three insects were 
removed, these few being allowed to reproduce. All molts and speci- 
mens of insects from each generation were mounted for further study. 
At first each individual molt was mounted on a separate slide, but later, 
as their number grew into the thousands, this was impossible and a series 
of molts was placed on each slide. The total number of experiments 
conducted during the season was 1,7201^ with an approximate total of 
15,000 insects. These insects, together with their molts, thus gave us 
for study nearly 75,000 individual forms of known lineage. The study 
of these forms has been tedious, but it has been a valuable adjunct to the 
actual breeding, furnishing many data which would otherwise have been 
unavailable^ 

It should be understood that, while the method above outlined was 
followed as closely as possible, it could not, from local causes, be applied 
in every case. However, it has been found to be very satisfactory and is 
believed to be a more efficient method for a thorough scientific study of 
the life history of aphides than any that has been seen recorded. • 
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Technique. — ^For description, specimens were mounted in balsam in 
the usual way after having been dehydrated and cleared. Eggs were 
fixed with acetic-alcohol-sublimate solution, and after washing were pre- 
served in 70 per cent alcohol. Those which had been preserved for some 
months gave better results on sectioning than did newly fixed material. 
Clearing was done in cedar oil, and sections from 5 to lo/i in thickness 
were cut; those Sfi gave the best results. Staining was done with Dela- 
field’s hematoxylin, orange G and picric acid, and Mayer's acid hemalum. 
Borax carmine was used for staining in toto. 

THE EGG 
DESCRIPTION 

Size, 0.572 by 0.281 mm. Form oval, flattened on side next the bark; 
more or less covered with a glutinous substance which hardens with age. 
Color, glossy black. 

The newly laid egg is not, as has been frequently stated for this species, 
yellowish green in color. It is a decided light-yellow, with rarely a 
slight tinge of green. It does, however, become somewhat greener during 
the change from yellow to black. This change is completed in the shade 
(insectary conditions) in from one to four days, usually a little over one. 

The sterile egg can be easily separated from the fertile in that it is 
orange in color when laid. In one case such an egg finally turned to **ox 
blood," but this was the only example out of more than a hundred in 
which any color change took place before the egg began to shrivel up, at 
which time it sometimes became orange brown. This shriveling usually 
took place in about a week or 10 days after deposition. 

LOCATION ON TREE 

The green apple aphis hibernates only in the egg stage. The eggs are 
laid in the fall on the smooth twigs, and especially on water sprouts. 
They are apparently never laid on the tnmks of the trees, or even upon 
the branches. This is to be expected, since the females feed continuously 
during the oviporition period, and they would be unable to obtain their 
food through the thick bark (PI. TXXV, fig. 2). 

Unless the eggs are very abundant, they are usually deposited around 
and under the buds and in wounds in the bark. When abundant, however, 
they will be found scattered promiscuously over the twigs, and in some 
cases these will be entirely blackened with them. It is very interesting 
to note that in the winter of 1914 a careful survey of a large bearing 
orchard near Vienna, Va., revealed the presence of eggs only on trees in 
the south to west portion, and they were most abundant in the southwest 
comer of the orchard. These results were duplicated in an examination 
of a small orchard of 4-year-old trees on the laboratory grounds. More- 
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over, in both of these cases, and also in examinations of many isolated 
trees, the eggs were found to be much more abundant on the southwest 
ades of the trees. 

The eggs adhere so tightly to the bark that great care is needed in 
removing them, and often this can not be done without breaking them. 
On downy twigs it is impossible to remove the eggs without also removing 
some of the hairs which adhere to them. Neither alcohol nor xylol will 
dissolve the adhesive or free these hairs from the egg. 


EMBRYOLOGY 

General embryology. — ^The substance of the unfertilized egg is very 
clearly divided into two areas. The first, comprising nearly all the space 
included within the vitelline membrane, is filled with the food yolk, which 
consists of homc%eneous granules enmeshed in a fine network of proto- 
plasm. The second area, filled with smaller granules, which the writers 
are calling the ‘‘ovarian yolk," following Webster and Phillips (17, p.95), 
is rather spherical in shape and lies at the posterior pole. Surrounding 
these two bodies is a very narrow layer of peripheral protoplasm, the 
periplasm or ''Keimhaut blastem** in which the blastoderm will form 
later. The egg is included within two envelopes, the vitelline membrane 
and the chorion. 

At the time of deposition the fertilized egg appears like the sterile egg. 
In a very short time, however, the production of cleavage cells com- 
mences, and the formation of the blastoderm is initiated. This begins 
at the anterior pole and progresses most rapidly in that region, but in a 
short time covers the entire yolk, with the exception of the posterior end, 
where it lies in contact with the ovarian yolk. A portion of the cleavage 
cells do not migrate to the periphery, but remain in the yolk to become 
yolk cells. 

Invagination commences by a thickening of the blastoderm in its area 
of contact with the ovarian yolk, brought about by the division of the 
blastoderm cells along this area. 

At the end of about five days the germ band attains a condition in 
which it rests or hibernates till early spring. In this resting stage the 
embryo occupies a position in the center of the egg, with its cephalic 
portion directed toward the posterior pole. The posterior half of the 
abdominal region is flexed dorsad in such a manner as to include the 
ovarian yolk. Segmentation is well advanced, and the formation of the 
api^endages has begun. The stomatodeum and proctodeum are present, 
while the formation of the mesenteron has begun. The genital rudiments 
are separated into two groups, although the ovarian yolk is not yet 
divided. At the posterior pole lies an organ composed of a single layer 
of cells surrounding a pear-shaped orange body without structural char- 
acters. This has been designated by Webster and Phillips (17, p. 9^) 
as the "polar organ." 
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Development is resumed in the late winter or early spring (March 12 to 
15, during 1914 and 1915, at Vienna, Va.). Growth is not resumed uni- 
formly, even in a group of eggs on a single twig, some starting two or three 
days before the majority and a few not beginning to grow till nearly the 
end of March. This renewed development is accompanied by a move- 
ment of the embryo through the yolk toward the posterior pole till that 
portion of the amnion which lies above the head comes in contact with the 
serosa at its junction with the polar organ. The two envelopes then 
rupture at this point and the embryo revolves about its transverse axis 
to its definitive position. 

From this time on development is rapid. The serosa contracts, and is 
invaginated and absorbed. The appendages are completed, the devel- 
opment of the digestive tract is consummated; nervous and muscular 
systems are perfected. Within a period of from five days to two weeks, 
depending apparently entirely upon temperature conditions, the insect 
is ready to hatch. 

Ovarian yolk. — ^At the posterior pole of the egg there is situated 
an almost spherical, dark-staining body. This has been termed the 
secondary yolk by most writers, but has been designated the “ovarian 
yolk” by Webster and Phillips (17, p. 95). The writers are unable to 
follow the formation of this body, as no egg material earlier than those 
eggs depoated by the female was preserved. Tannreuther (13) studied 
its formation in Melanoxantherium salicis L. He states that it is formed 
from the follicular nuclei of the oviduct wall, these dividing to form small 
vesicles which later unite and form common spherical masses. In the 
writer’s earliest fertilized material (fertilized less than 24 hours) the 
ovarian yolk consists of a densely granular, almost spherical mass con- 
taining a number of large cells (PI. LXVIII, fig. 7) which would corre- 
spond fairly well to the figures given by Tannreuther. At this time 
(PI. DXVIII, fig. i) the writers are unable to observe any cleavage cells 
within the body of the yolk, although there are at the anterior pole a 
number of dark-staining bodies well separated, but forming a dome- 
shaped structure conforming to the shape of the anterior part of the egg. 

One thing is worthy of note in this connection. In unfertilized eggs, 
ranging in age from a few hours to 1 1 days, the ovarian yolk is a uniform, 
finely granular mass (PI. LXVIII, fig. 3) without any of the large cells 
met with even in our earliest fertilized material. This leads to the belief 
that these bodies are associated with and appear only in connection with 
the beginning of growth. At the time the blastoderm is completely 
formed these bodies are present within the ovarian yolk and are sur- 
rounded by darker staining areas (PI. LXVIII, fig. 2.) When the 
blastoderm is completely formed it covers the entire surface of the egg 
with the exception of the ovarian yolk, and invagination takes place 
about this yolk. (A single yolk cell is shown in Plate LXVIII, figure 6.) 
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It Is thus carried to the interior of the egg with the developing germ band 
(PL LXIX, fig. i). As the embryo develops, the ovarian yolk re- 
mains in connection with its posterior extremity, enlarges, and when this 
extremity becomes recurved, the yolk may be seen as a large, somewhat 
dumb-bell-shaped mass lying within the curve. At this time the large, 
deeply staining cells which form the end chambers of the ovaries are dis- 
tinctly visible at its extremities. The remainder is a finely granular 
mass very similar in texture to that of the original ovarian yolk (PI. 
LXIX, fig. 2). At a slightly later period the mass of the ovarian yolk 
becomes somewhat more enlarged in the heads of the dumb-bell at the 
expense of the “grip,” and the end chambers are already forming (PI. 
LXX, fig. i). After the revolution of the embryo, the two heads of 
the dumb-bell-shaped yolk become separated, and it is henceforth rep- 
resented by two large, slightly elongated masses, one on either side of the 
ventral portion of the body, the end chambers distinctly formed, and those 
on each side connected with one granular body of this ovarian yolk 
(PI. LXX, fig. 2). In embryos almost ready to hatch, these two large 
granular bodies are still present, although more elongate than in the 
earlier stages. Some of the first egg chambers are now formed, and eggs 
may be noted within. The remainder of the reproductive organs are not 
yet developed (PI. LXXI, fig. i). 

In the first instar of the stem mother these elongate granular bodies 
are still present. Webster and Phillips (17, p. 99) state that a group of 
cells which ultimately give rise to the generative organs separate off 
from the mesoderm during their “stage 6.” The results of the present 
writers do not uphold this view. It seems more probable that these cells 
develop in the ovarian yolk, possibly from migrants, in the very early 
stages of growth, and that they are carried to the interior with this yolk 
at the time of invagination; that they here form two groups, one on 
either side of the ovarian yolk, which ultimately divides; and that these 
two masses of the ovarian, yolk remain throughout embryonic develop- 
ment and assist in the formation of the reproductive system. 

Polar organ. — ^Upon invagination the germ band leaves behind it, 
at the posterior pole of the egg, a group of large nucleated cells. This 
cell group has been recorded by Webster and Phillips (17, p. 98) as 
occurring in Toxoptera graminum, and was designated in their paper as 
the “polar organ.” The writers have been unable to find any other 
reference in literature to the occurrence of such a body, either in the 
eggs of Aphididae or in those of any other insects. 

The writers have not observed the genesis of this organ, but by the time 
the embryo has attained its “resting stage” it consists of a single layer 
of elongate cells surrounding a pear-shaped lumen (PI. LXVIII, fig. 4). 
A large nucleus is present in the outer portion of each cell. 
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The lumen of this organ is occupied by a structureless yellow or orange- 
colored substance which extends by means of an elongated neck through 
an aperture in the chorion, thus opening upon the surface of the egg. 

Webster and Phillips state that the yellow matter appears like a liquid. 
In A, pomi and in A. avenae, in which the organ is also present, it has 
more the appearance of a wax. Certainly it has a definite form which 
it maintains even when the surrounding cells are removed from it. The 
material is not affected by alcohol, xylol, or chloroform. 

With the migration of the embryo to the surface and its revolution the 
cells of the polar organ are withdrawn, leaving the yellow body unchanged 
in form and still attached to the chorion. In one specimen which was 
in the late stages of development the yellow body was found inclosed by 
the anal portion of the embryo. Usually, however, it appears never to 
come in contact with the embryo; and when the latter hatches, it is left 
behind in the eggshell. The writers have been unable to find anything 
resembling it in any of the newly emerged insects. 

Dorsal body. — ^With the resumption by the embryo of activities in 
the spring a change takes place in the cells of the polar organ. These 
flatten out, drawing away from the yellow mass as if the serosa were 
exerting an upward pull on them from all sides (PI. LX VII I, fig. 5). 
Through the migration of the embryo the amnion finally comes in con- 
tact with the serosa at a point where the latter joins the cells of the 
polar organ, and both amnion and serosa rupture at this point. 

As the embryo revolves, the serosa contracts until it lies as a thickened 
plate, the dorsal plate, near the anterior pole of the egg. In fact, in 
some cases the thickening takes place directly at the anterior pole, the 
plate moving later somewhat toward the posterior. During this con- 
traction of the serosa it draws the cells of the polar organ after it, so that 
when the dorsal plate is formed, these lie as an irregular mass just posterior 
to the serosal cells (PI. LXXI, fig. 2). 

After the formation of the dorsal plate has been accomplished, this 
body commences to invaginate at its center, forming a tube which 
extends into the yolk ventrad, inclining slightly toward the posterior. 
This tube is formed of both the serosal cells and those which formerly 
constituted the polar organ. These cells can not now be distinguished 
from one another (PI. LXXII, fig. 1). 

This dorsal body soon separates itself entirely from the amnion and 
lies wholly immersed within the yolk in the form of a hollow sphere, one 
cell in thickness (PI. LXXII, fig. 2). A little later this sphere breaks up 
and the cells disintegrate, probably being used as food by the embryo. 

Resting stage. — From the standpoint of life history the resting stage 
is one of the most interesting points in the embryology of this species. 
The embryo appears to be very seriously affected by changes of tem- 
perature at this time, or rather by sudden changes to temperatures 
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higher than those normally occurring out of doors. Several lots of eggs 
containing “ resting'* embryos were taken into the greenhouse at 
Vienna, Va., during the winter of 1915.^ The first lot was taken on 
January 7 and other lots were taken at intervals of from one to two 
weeks until after growth was resumed. All the eggs in all lots died 
within two weeks. Over 50 per cent of all eggs placed in the green- 
house after the revolution of the embryo commenced, hatched normally. 

It was at first thought that humidity might be a factor in this mor- 
tality, but the following experiment eliminated that. A very hairy twig 
which was well infested with eggs was cut in two. One half was placed 
in water, just as it was. The hairs acted as a wick, drawing the water 
to the top of the twig and keeping it and the eggs constantly moist. 
The base of the other twig was cleaned so that the water could not reach 
the hairs, and it consequently was dry. Both lots of eggs began to hatch 
on the same day. Moreover, hatching proceeded a little more rapidly 
on the dry than on the wet twig. It should be stated that the eggs used 
in this experiment had resumed growth before being taken into the 
greenhouse. These results are confirmed by the fact that no difficulty 
was experienced in hatching eggs taken into warm temperatures after 
the middle of March. 

It will be seen that the temperature effect upon the egg at this period 
is rather a complicated matter. The activities of the embryo in the spring 
are apparently initiated by a general rise in temperature above the 
normal winter average. It seems probable also that these higher average 
temperatures must continue for some time for this species, since warm 
weather of two or three days* duration, occurring in January and Febru- 
ary, does not appear to induce any growth whatever in the embryo. 
Certainly there is no appreciable difference between embryos collected 
just before such a period and those collected after it. 

On the other hand, if the temperature affecting the eggs is artificially 
raised to greenhouse temperature (about 65® F.) at any time before the 
normal resumption of growth, the embryo dies. It is true that in certain 
instances some activity is induced, and embryos treated in this manner 
will be found to have developed somewhat, but in no case in these 
experiments did the revolution of the embryo occur. 

From data of the writers it would seem that the embryos need to pass 
through a period of cold weather, perhaps even need to be subjected to 
freezing temperatures. This is indicated by the fact that in eggs laid 
early in the season the embryos had reached the resting stage and ceased 
growth for three weeks or a month before later eggs were deposited. 
Yet these later eggs in their turn developed normally to the resting stage. 

The amount of low temperature needed by the insect is very uncertain. 
As suggested previously, it may be that a single freezing is sufficient, or 


> The average temperature in the greenhouse was about 6s* P. 
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it is possible that continued cold weather, or a succession of freezings, is 
essential. In either case it seems probable that the embryo must have 
experienced a suflScient amount of low temperature long before spring 
and that it must thereafter continue to remain dormant till the proper 
average temperatures exist for its renewed activities. If, however, the 
embryos be subjected to temperatures well above the critical at any 
period before they have revolved, this change is fatal to them. 

What this critical temperature is, can not be determined with any 
exactness from the data at hand. In 1915, from March 8 to 16, the period 
during which growth was resumed, the average temperature dropped to 
34® F. only once, and it was below 36° only twice in the week. In 1914, 
however, the averages varied between 18° and 60° during what appears 
to have been the critical period, although from March 14 to 18, inclusive, 
it was above 34®. It seems probable that the critical temperature is 
close to 36®. Apparently, also, this critical temperature, or average 
temperatures a little above it, must continue for a period of some days, 
since freguently average temperatures higher than the critical occur for 
one or sometimes more days in January and February without affecting 
the insects. 

It is interesting to note that eggs of A, avenae brought into the green- 
house during the winter hatched normally. Eggs of this species fre- 
quently hatch on the trees after warm spells of two or three days' duration 
in January and February; and while the writers have not as yet made a 
thorough study of the embryology of this species, yet during the winter 
they have taken several eggs in which the embryo had revolved. 

These observations are of particular interest, since they undoubtedly 
explain the fact stated by several writers that a very low percentage — ' 
about 2 per cent, according to Gillette and Taylor (14, p. 24) — of the 
eggs of A, pomi hatch. 

Hatching. — ^The first eggs hatched in 1914 about April 8 and the 
last about April 25. At this time nearly all the buds showed some green 
and in many cases the tiny leaves were free from the bud scales. Since 
it is as immature stem mothers that this and corresponding species are 
usually treated with insecticides, it will be well to include here a com- 
parison of their dates of hatching. In the spring of 1914, at Vienna, 
A . avenae commenced hatching on March 28. A. malifolicbe and A . pomi^ 
however, did not hatch until about April 8. A few eggs of A. maUfoliae 
hatched before that date, and this would seem to indicate that the rosy 
apple aphis is perhaps slightly earlier than the green aphis. For all 
practical purposes, however, their hatching dates are the same, while 
that of A . avenae is very much earlier. 

The young stem mother emerges from the egg head foremost, and the 
latter is always split evenly over the vertex of the insect. This is accom- 
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plished by means of a bladelike egg burster, which extends from the 
region of the trophic tubercle over the vertex and backward on the 
crown as far as the posterior margin of the eyes (PI. LXXIII). This egg 
burster is often armed with one or two toothlike projections on its cut- 
ting edge. After the shell has been ruptured, the young, still within 
the membrane, protrudes for almost its entire length before the mem- 
brane ruptures. It is not uncommon to find insects which have reached 
this stage and died. They stand upward almost out of the shell, but 
still within the membrane. After the membrane has become ruptured 
and the insect has emerged, the former position of the egg burster is 
indicated by a suture-like marking extending over the vertex and crown 
and separating the two halves of the dark-colored cap met with in the 
stem mother of this species. 

PLAN OF DESCRIPTIONS 

It has been found by the study of the different instars that the easiest 
method for separating them is by the character of the antennae. By 
measurements of these organs it is possible to determine immediately the 
instar of the form examined. In describing the different stages, there- 
fore, in the earlier instars, measurements of the antennae only are given, 
and these are followed by a complete description of the adult form. In 
the third instar of the summer forms those insects destined to become 
pupae can be distinguished from those destined to become wingless only 
by the presence of the beginning of the wdng pads. The measurements 
for both are the same. For the first two instars, therefore, only one 
description is given. The pupae of the intermediate and that of the 
winged form are the same in every respect, and, therefore, only one 
description is given for these forms. 

It is often important to know, immediately on their hatching from 
the egg, to what species apple aphides belong. We give here, therefore, 
measurements of the antennae of the first-stage stem mothers of the more 
common apple-infesting species which are likely to be confused — ^viz, 
pomif the green apple aphis, avenae (PI. LXXIV, fig. 15, 18), the apple- 
grain aphis, and malifoliae (PI. LXXIV, fig. 17), the rosy apple aphis. 
The adult stem mothers of these species could hardly be confused, on 
account of their different color characters, but the newly hatched insects 
are most easily and definitely separated by an examination of the 
antennae. 

The relative lengths of the proximal and distal portions of the fourth 
antennal segment in the different species are given in Table I, and an 
examination of these figures will enable one to separate the species 
easily. 
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Tabi«Q l»^Lengths of third antennal segment and of proximal and distal portions of the 
fourth segment in Aphis pomi, A, avenaet and A, malifoliae 


Species. 

Segment III. 

Segment IV base. 

Unguis IV. 

Aphis pomi 

Mm. 

0, 08 to 0. 09 
. 08 to . 096 
. 128 

Mm. 

0. 048 to a 056 
.03 to . 048 
. 048 

Mm. 

0. 048 to 0. 064 
.08 to . 104 
. 048 to . 16 

Aphis avenae 

Aphis malifoliae 



It will be noted that A . pomi has a much shorter unguis than either of 
the other species and this at once distinguishes it. 

STEM MOTHER 
DESCRIPTION 

First instAr.— Morphological characters: Antennal segments (PI. LXXIV, fig. i6) 
as follows: I, 0.032 mm.; II, 0.032 mm.; Ill, 0.08 to 0.09 mm.; IV, base 0.048 to 0.056 
mm., unguis 0.048 to 0.064 mm.; segments III and IV imbricated and covered with a 
few stout spines, III armed with a distal sensorium, and IV with a sensory group at 
the base of the unguis composed of one large sensorium and several small ones. Eyes 
with 8 to 10 facets. Rostrum long. Cornicles short, thick, and rounded at the distal 
extremities. Cauda and anal plate rounded and densely setose. Legs with spinelike 
hairs. 

Color characters: Body dark green (sometimes very dark) with appendages dusky; 
crown dusky to black with a median longitudinal uncolored suture-like stripe . Entire 
insect often slightly pruinose. 

S:ecoND INSTAR. — ^Morphological characters: Antennal segments as follows: I, 
0.032 mm.; ll, 0.033 mm.; Ill, 0.08 mm.; IV, 0.048 to 0.064 mm.; V, base 0.048 to 
0.064 mm, unguis 0.048 to 0.088 mm., usually about 0.075 nim.; segments III to V 
imbricated and with a few stout, spinelike hairs, IV with a distal sensorium similar 
to that on III of first instar, and V with the usual sensory group. Eyes with about 
10 facets. Rostrum comparatively shorter than in first instar. Cornicles short and 
thick and rounded distad. Cauda and anal plate rounded and setose. Legs more 
slender than in preceding instar. 

Color characters: Similar to the first instar, but lighter in color. 

Third instar. — Morphological characters: Antennae much more slender than in 
the previous instars, with lengths as follows: I, 0.045 inm.; II, 0.042 to 0.045 mm.; 
Ill, 0.112 to 0.144 nim.; IV, 0.064 to 0.096 mm.; V, base 0.064 to 0.08 mm., unguis 
0.088 to 0.112 mm., usually about o.i mm.; sensory characters as in previous instars. 
Eyes with over 20 facets; cornicles more elongate than in the other instars and not 
so rounded distad; cauda and anal plate rounded and setose. 

Color characters: Similar to those of the previous instar. 

Fourth instar. — Morphological characters: Antennae fairly long and slender, with 
lengths as follows: I, 0.053 j 0.048 mm.; Ill, 0.192 to 0.224 mm.; IV, 0.088 to 
0.128 mm.; V, base 0.08 to 0.096 mm., unguis 0.112 to 0.128 mm.; segments III to V 
strongly imbricated, sensory characters as in other instars. Eyes with about 40 
facets. Cornicles 0.153 mm. in length and imbricated. Cauda somewhat conical. 
Legs slender, tibiae somewhat curved, 0.571 mm. long. 

Color characters: Approaching those of the adult form. 

Fifth instar (aduut). — ^Morphological characters: Antennae (PI. LXXIV, fig. 5) 
father long and slender, with lengths as follows: I, 0.06 mm.; II, 0.056 mm.; Ill, 
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0.296 to 0.416 mm.; IV, 0.16 to 0.192 mm.; V, base 0.096 to 0.12 mm., unguis 0.16 to 
0.184 mm.; segments III to V imbricated and armed with several prominent spinelike 
hairs, segment IV with a distal sensorium, and V with the usual group. Eyes promi- 
nent and with very many facets, ocular tubercles distinct; lateral thoracic tubercles 
prominent; abdominal tubercles not so prominent. Cornicles cylindric, tapering, 
imbricated and sometimes slightly flanged, 0.288 to 0.368 mm. in length. Cauda 
narrow, conical, or very slightly constricted toward its middle, densely setose and 
armed with a few long curved hairs. Anal plate roimded, setose, and hairy, ^gs 
slender, hind tibiae 0.752 to 0.88 mm. long. Body quite globose, more so than tnSof 
summer form. Length, 1.92 mm.; width, 1.25 mm. 

Color characters: General color green, somewhat darker than the summer forms; 
vertex and crown black; cornicles, cauda, and anal plates black, as are also the tarsi 
and the distal extremities of the tibiae, femora, and labium; eyes deep brown. The 
entire insect is sometimes covered wdth a bloom. 

length of NYMPHAIv life 

The newly hatched stem mothers spend the first day wandering about 
over the twig on which they were born, doing little or no feeding. They 
finally settle on the tiny leaves or in some instances on buds in which 
the green of the leaves barely shows. From this time on they feed 
almost continuously, seldom changing their positions unless the food is 
very poor. In that case they may wander . about on the twigs. Such 
insects, however, are very likely not to settle permanently nor to live 
to reproduce. 

The duration of the first instar of stem mothers averages from 4 to 5 
days; that of the next three, 6 days, the time being equally divided 
among the three. The total nymphal life thus averages from 10 to ii 
days. That the first instar is longer than the three others, and also 
longer than the first instar of later generations, is due to the fact that 
the young stem mother loses one or more days in searching for suitable 
food. Prolonged cold spells w^ould undoubtedly retard this development 
somewhat, but the insects can withstand short spells of severe weather 
with little or no apparent effect. Poor food conditions would probably 
check their growth also, but this factor is negligible, since the same con- 
ditions which induce hatching also cause the buds to burst, so that the 
food is practically always ready for the insects. Moreover, as stated 
previously, insects which fail to locate good food, and wander about, 
seldom reach maturity. 


REPRODUCTION 

The stem mothers begin to reproduce in about 24 hours after becoming 
adult. In the experiments of the writers the greatest number of young 
produced by one stem mother was 42, during a period of 10 days. In 
most of the species which have been carefully studied the average repro- 
duction by stem mothers is greater than that by any of the succeeding 
generations. Considerable difficulty was experienced in handling this 
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form, many of the aphides leaving the plants and dying before the repro- 
ductive period was finished. Consequently 42 young is probably below 
the average under natural conditions. 

The young are produced in groups of varying numbers and with unequal 
periods between the groups. In a general way an adult will produce a 
group one day and rest the next, but often the rest period will be 
lQ||ger and sometimes shorter. Individual mothers vary greatly in their 
rate of reproduction from the average rate. Some stem mothers ceased 
to reproduce for 2 or 3 days between some groups, while others never 
rested long. The greatest number of young produced in 24 hours was 
9, one insect producing this number at two different times. In 4 days 
22 were produced by one mother. The average daily production was 4.2. 

LONGEVITY 

The greatest length of life observed was 20 days. This is undoubtedly 
much below the true maximum and probably somewhat below the average. 
In the case recorded the insect produced young up to the last day. 

The first stem mothers were observed on April 8 and the last May 6. 
Under natural conditions this period may perhaps be a little longer. 

SUMMER FORMS 
NUMBER OF FORMS 

Beginning with the second generation and continuing until the sexes 
were produced, the writers found three adult forms to be present. The 
most abimdant form was the wingless viviparous female. This occurred 
in every generation, and, mth the exception of the second, always out- 
numbered the other forms present. It would often appear, in definite 
lines of descent, for several generations without being accompanied by 
winged insects. In fact, one purely wingless line was carried from the 
stem mother to the sexes, although in this case winged forms sometimes 
occurred as sisters or cousins. 

On the other hand, the winged form was much more abundant than 
seems to be the case in most of the other species which have been studied. 
Winged insects were obtained in every generation from the second to the 
sixteenth, inclusive, although they became rare after the thirteenth 
generation. 

The third form, the intermediate, occurred in 16 experiments, the first 
occurrence being in the third generation and the last in the twelfth. 

In all, there were from 7 to 17 generations of the summer forms, the 
number depending upon whether the first or the last young were taken as 
mothers in each generation. In view of the fact that we have found 
winged forms to occur so commonly, it is difficult to understand how 
Smith (9) could have come to the conclusion that no winged insects 
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occurred after the third generation, an error in which he has been followed 
by many writers. He also states that only seven generations of the 
summer forms occur, another error which hals been frequently quoted. 

WINGLESS VIVIPAROUS FEMALE (PL. LXVII, FIG. 5) 

DESCRIPTION 

First instar. — ^Morphological characters: Antennae (PI. LXXIV, fig. 4) as follows: 
I, 0.034 mm,; II, mm.; Ill, 0.120 to 0.144 mm.; IV, base 0.064 mm., im|;uis 
0.112 to 0.128 mm.; segments III and IV imbricated and armed with a few spinelike 
hmrs, III with a distal sensorium, and IV with the usual sensory group at base of 
unguis. Eyes with 12 to 14 facets; cornicles short, thick and rounded distad ; legs thick, 
hind tibiae 0.239 mm. long. 

Color characters: Color very variable from a light or dark green to yellowi^. In 
some cases the insects are a golden yellow; the normal color is a medium green, never, 
however, as dark as the stem mother. Appendages dusky. 

Second instar. — ^Morphological characters: Antennae (PI. LXXIV, fig. 3) more 
slender than those of the other instars. ; lengths as follows: I, 0.045 0.046 mm.; 

III, 0.112 to 0.152 mm.; IV, 0.08 to 0.096 mm.; V, base 0.056 to 0.08 mm., unguis 
0.144 to 0.176 mm.; segments III to V imbricated and with a few spines, IV with 
distal sensorium similar to that on III of first instar, and VI wdth the usual group. 
Eyes with 28 to 30 facets. Cornicles roimded at the distal extremity, thick and 
imbricated. Legs stout and covered with spinelike hairs, hind tibiae 0.320 to 0.384 
mm. in length. Cauda and anal plate setose, cauda somewhat conical. 

Color characters: Similar to those of first instar. 

Third instar. — ^Morphological characters: Antennae (PI. LXXIV, fig. 2) rather 
long and slender; lengths as follows: I, 0.048 mm.; II, 0.051 mm.; Ill, 0.192 to 0.248 
mm.; IV. 0.112 to 0.144 mm.; V, base 0.08 to 0.096 mm., unguis 0.2 to 0.232 mm.; 
segments III to V imbricated and bearing a few spines, the base of V strongly but 
regularly imbricated but the unguis quite regularly, so giving the appearance of 
almost complete rings; sensoria as in previous instar. Eyes with 38 to 40 facets. 
Cornicles slightly rounded at distal extremity, but not nearly as much as in previous 
instars, length about 0.188 mm. Legs more slender than in previous instars, hind 
tibise 0.448 to 0.054 mm. long. Cauda and anal plate setose, cauda bluntly conical. 

Color characters: Similar to those of first instar. 

Fourth instar. — ^Morphological characters: Antennae (PI. LXXIV, fig. 10) long 
and slender; lengths as follows: I, 0.62 mm.; II, 0.06 mm.; Ill, 0.144 to 0.192 mm.; 

IV, 0.134 to 0.176 mm.; IV, 0.152 to 0.192 mm.; VI, base 0.088 to 0.112 mm., unguis 
0.248 to 0.304 mm.; segments III to VI distinctly imbricated and armed with a few 
prominent hairs, segment V with a distad sensorium (the original III of first instaurnow 
represents III , IV, and V). Eyes with about 58 facets. Cornicles rather slender, com- 
pared with the earlier ones, cylindric, imbricated, and about 0.264 mm. long. Hind 
tibiae 0.672 mm. long. Cauda and anal plate setose, anal plate rounded, cauda bluntly 
conical. 

Color characters: Similar to those of first instar. The appendages are here partly 
turned to the black color met in the adult form. The cornicles blacken from the 
distal extremity proximad. 

Fifth instar (adult).— Morphological characters: Antennae (PI. LXXIV, fig. i) 
long and slender compared with the early instars, but ^ort compared with the body; 
lengths as folbws: 1 , 0.064 mm.; II, 0.063 mm.; Ill, 0.224 to 0.320 mm.; IV, 0.176 to 
0.240 mm.; V, 0.176 to 0.232 mm.; VI, base 0.104 to 0.128 mm., unguis 0.28 to 0.32 
mm. ; segments III to VI imbricated and with a few stout hairs; sensoria as in fourth 
instar. Vertex slightly rounded. Prothorax with a prominent tubercle on each side. 

22634®— 10 2 
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Abdomen with live distinct tubercles on each side, the one pair caudad of the cornicles 
and the most cephalic pair about equal in size and larger than the three median 
pairs. Cornicles (PI. LXXIV, fig. 12) subcylindric, largest at the base, tapering 
slightly distad, slightly flanged at the tip and strongly imbricated, 0.398 mm. in 
length. Anal plate rounded, setose, and armed with about a dozen long curved hairs. 
Cauda (PI. LXXIV, fig. 19) elongate, rounded distad, sometimes slightly constricted 
in the middle, setose, and armed on each side with about five long, curved hairs; 
letu^, about 0.176 mm. Legs slender, hairy, particularly the tibiae; length of hind 
tib%, 0.837 mm.; hind tarsi, 0.112 mm.; length of insect from vertex to tip of cauda, 
a. 56 mm. 

Color characters: General color very variable, from a light green to a very dark 
green. Head orange-yellow, sometimes with a purplish cast. This orange-yellow 
head is in many specimens much more pronounced than in others. Thorax similar 
to the head in color, fading off into yellowish green at the abdomen. Both head 
and thorax covered with a slight bloom. Abdomen light green. Antennae yellowish, 
dark toward the tip; tarsi, cornicles, cauda, anal plate, distal extremities of femora, 
and proximal and distal extremities of the tibiae black. Labium tipped with black. 
In specimens which have not been well supplied with food and which consequently 
are much stunted in growth, the colors are much deeper, the green being very dark 
over the entire body, whereas in well-fed, large specimens the color is light green. 
Late fall specimens which are exposed to low temperatures have a biownisii cast. 

OCCURRENCE 

As stated previously, this was by far the most common form occurring 
during the summer. Moreover, in so far as the actual propagation of 
the species is concerned, it is the only summer form necessary, since we 
were able, without difficulty, to carry insects from the stem mother to 
the sexes without the intervention of a single winged individual. For 
the spread and consequently the greatest development of the species, 
winged sixmmer forms seem necessary, since at the present time it has 
no other natural mode of becoming wholly disseminated. In nurseries 
the wingless insects may travel from tree to tree in the rows, and trees 
bearing eggs may be shipped to different parts of the world. Such dis- 
semination, however, would be of little avail to a purely wingless species, 
as compared to one containing winged forms, since its attack thereafter 
would be confined to trees on which it was shipped, or at most to a few 
surrounding trees. 

LENGTH OP NYMPHAL LIFE 

The average duration of the nymphal period in this form was 7 to 8 
days, the time being equally divided between the four stages. During 
the hot weather occurring in the last of Jime and first of July this period 
was shortened to 6 days, and in one instance an insect commenced repro- 
duction when only 5 days old. On the other hand, with the beginning of 
cookr weather in the late summer the period esmeeded this average. 
About September i the time occupied by the nymphal stages was from 
8 to 9 days. This period gradually increased in length till the last of 
September, at which time it covered ii days. During the month of 
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September the temperature dropped below 50® F. several times, reaching 
37® in one instance. These extreme temperatures were of short duration, 
however, and the mean was never below 50°. By the end of October 
the nymph required 12 to 14 days to attain the mature condition. At 
times during this month the temperature averaged between 53.5® and 59® 
for periods of 24 to 36 hours. During such periods very little feeding or 
growth took place. The insects would stand perfectly motionless. 
Mechanical stimulus with a needle merely induced slight movements of 
one or two legs. Moreover, it required considerable time for the insects 
to recover from such conditions, and often maximum temperatures of 
65® to 70® would not cause a resumption of active feeding. 

The difficulty of exactly correlating the rate of growth with temperature 
conditions is greatly increased by the fact that the condition of the food 
supply was as great or even a greater factor in determining this rate of 
growth. This factor can only be appreciated, however, in marked cases. 
Usually the observer is unable to determine which of two plants offers the 
insects the best food, and consequently is unable to gauge the proper 
values of the two factors. The effect of the food condition is taken up 
more fully in another place (p. 983). 

REPRODUCTION 

As in the stem mothers, the wingless viviparous females begin repro- 
duction about 24 hours after becoming mature. In fact, this condition 
obtained for all viviparous females, whatever the form. 

The average reproduction varies greatly during .the season and the 
writers find that their figures separate into three well-defined groups : First, 
reproduction by the summer forms bom before July i, and reproducing 
by July 6; second, reproduction by forms bom between July i and Sep- 
tember I, b^;inning to reproduce between July 6 and September 10; 
third, forms bom after September i, commencing reproduction after 
September 10. Eighty wingless individuals in the first group produced 
an average of 55.4 young per insect; 113 wingless individuals in the sec- 
ond group averaged 30.9 young, while in the third group 24 wingless indi- 
viduals averaged 12.1 young apiece. The last mothers of the season 
produced only from i to 4 or 6 young. The average reproduction per 
insect per day during the first period was 2.95, during the second 1.92, and 
during the tWrd 0.83. 

For the entire season the average per wingless insect was 37.5, and the 
daily average was 2.22. The greatest number of young produced by one 
individual was 133, while the maximum reproduction for one day was 
16 + , one insect producing 64 youngin 4 days. 

The rate of reproduction was very irregular. In some cases the major- 
ity of young were produced early in the life of the adult. In others com- 
paratively few were produced during the first few days and then large 
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numljers were brought forth. Some insects bore numerous young daily 
till death; with others the production decreased gradually to that point; 
wink in a third class the insects lived from 3 to 44 days after reproduction 
ceased, the longer period occurring in the fall, October and November. 
During the summer the longest period was 13 days. In one remarkable 
case an insect bom on September 29 produced 10 young in 13 days (Octo- 
ber 13 to 26). It then ceased to reproduce till December 5 (40 days), 
when it bore one young and died. 

LONGBvnV 

The average total length of life for the entire season was 30.9 days. 
This average is only for insects which reached maturity. Many died 
while .still nymphs. The greatest length of life attained by one insect 
during the summer was 48 days. In the fall the average period was 
longer than in the summer, and one insect lived 68 days. 

Wingless viviparous females were present on the trees until within less 
than a week from the time of the last appearanee of oviparous females — 
i. e., during the fall of 1914 until after November 20. In the cages one 
insect was alive on December 22. 

HARDIN8SS 

A rather interesting note was made during the fall on the effect of low 
temperature on the activities of this species. On December 22 an exami- 
nation of about 50 insects, including wingless viviparous females and 
oviparous females, showed all the insects to be perfectly motionless, 
except one viviparous female. This insect moved both legs and antennae 
when irritated slightly with a camel’s-hair brush. The temperature at 
the time the observations were made was 34° F. and had remained con- 
stant for about 2 hours. For the 12 hours previous the temperature 
had been 30° F. or less. This would indicate that at least in individual 
cases the developmental or physiological zero for this species is quite low. 

WINGED VIVIPAROUS FBMAUB (PL. LXVII, PIG. l) 

DESCRIPTION 

First, second, and third instars. — ^In the first and second instars these insects 
are identical in form with those producing wingless adults. In the third instar the 
measurements are the same for those given under tnird instar wingless female, but 
beginnings of wing pads are present. 

Fourth instar (pupa) (pl. ucvii, wo. 3). — ^Thepupse producing intermediates and 
those producing winged forms are identical, as follows: 

Morphological characters: Anteniue as follows: I, 0.06 mm.; II, 0.06 mm.; Ill, 0.176 
to 0.356 mm. ; IV, o. 138 to 0.176 mm. ; V, o.xaS mm. ; VI, base 0.80 to o.ixa mm., unguis 
o.ai6 to 0.28 mm.; sensoria, imbrications, etc., as in the wingless form. Vertex 
roiaided, with a slight median indentation. Eyes prominent, with a huge number of 
foects; ocular tubercles distinct and with usually three lenses. Ihoiacic and abdom- 
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inal sutures as in the wingless form. Wing pads prominent, extending somewhat 
caudad of the hind coxse. Cornicles subcylindric, imbricated, lightly flanged; 
length, 0.168 to 0.376 mm. Legs slender, hairy, hind tibiae 0.504 to o. 64 mm. long. 
Anal plate rounded, setose and armed with hairs. Cauda (PI. LXXIV, fig. 21) coni- 
cal , not as in the adult form, setose, and armed with many long, curved hairs. Length 
from vertex to tip of cauda, about 2.6 mm. 

Color characters: General color greenish; head and thorax orange-yellow with a 
rosy bloom, the reddish appearance of this increasing with age. Abdomen yellow- 
green. Antennae yellowish, with the distal segments dusky. Wing pads brown, 
with black costal margins. Eyes, tip of labium, tarsi, and distal extremities of tibiae 
and tarsi black; cauda lighter than abdomen, not black as in adult. Area between 
cornicles darker green than the rest of the abdomen. In some cases the margins of 
the thorax axe light-straw color, almost white, venter usually lighter than dorsum. 

Fifth instar (adult). — ^There is no distinct spring or fall migrant in this species. 
All the winged individuals occurring throughout the spring, summer, and fall have 
the same characters and are identical, except for variations bearing no relation to 
season. 

Morphological characters: Antennae (PI. LXXIV, fig. 7) as follows: I, 0.064 mm.; 
II, 0.063 mm.; Ill, 0.192 to 0.312 mm.; IV, 0.144 to 0.288 mm.; V, 0.14410 0.224 mm.; 
VI, base 0.096 to 0.128 mm., unguis 0.288 to 0.344 mm., segments III to VI imbricated 
and armed with a few hairs. III with a row of usually 6 circular sensoria (range 4 to 9), 
These sensoria form an even row along the segment and are of about the same diameter 
as the segment. They have a distinct double rim. Segment IV often without sen- 
soria, although on some specimens there are as many as 3 on this segment near its 
distal extremity. Sometimes one antenna has sensoria here and the other none. 
Segment V with a distal sensorium, and VI with the usual group at the base pf the 
imguis. Vertex slightly rounded, median ocellus protruding, lateral ocelli very close 
to the compound eyes; these eyes large and showing with distinct tubercles. Tho- 
racic and abdominal tubercles as described for the wingless form. Wings with delicate 
veins; forewing with the media normally twice branched, but not uncommonly 
with it only once branched and in rare cases (approaching the intermediate) this 
represented by one vein only. Cornicles (PI. LXXIV, fig. ii) subcylindric, tapering 
toward the tip, imbricated and slightly flanged; length, 0.192 to 0.352 mm. Anal plate 
rounded, setose, and armed with a number of long, curved hairs. Cauda elongate, 
slightly constricted in the middle, rounded at the tip, densely setose, and armed on 
each side with about 5 long, curved hairs. Legs slender; hind tibiae 0.56 to 0.99a 
mm. long. Length from vertex to tip of cauda, about 2.5 mm. 

Color characters: Head and thorax shining black, sutures yellowish; antennae straw 
color at base, dark, almost black distad; eyes black; legs yellovdsh, witli the distal 
extremities of the femora, the distal ^and proximal extremities of the tibiae, and the 
tarsi black. Abdomen yellow-green, with the margins and a longitudinal median 
stripe darker green. Cauda and anal plate black. Labrum straw color, with tip 
dusky or black. Wings hyaline, veins brown, stigma smoky. 

Most of the winged forms had the abdomen uniform green, but with the second 
winged generation another form appeared. The color of this is as follows: Head and 
thorax black, similar to the first winged generation; veins and stigma dark; abdomen 
unlike the uniform pea green of the first winged generation, but much darker, with 
a median longitudinal stripe of still darker green; margin of the abdomen on each side 
with a row of 5 or 6 dark patches; other characters as in first winged generation. 

The color characters of this winged generation may have had something to do with 
the confurion of A. pomi and A. avenae, as the color characters of the two are quite 
similar. 
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CAUSE OP PRODUCTION 

The theory has been frequently advanced that the production of 
winged forms during the summer is due to a lack of sufficient nourish- 
ment for the insects. In some cases the wording of this theory is modified 
by the statement that winged forms appear on plants which are very 
heavily infested. The writers' results are a flat contradiction of this 
theory for this species. 

As has been stated previously, in handling the insects the writers 
always transferred the mothers to new plants, rather than the progeny. 
In this way several consecutive generations were reared on one plant. 
Thus the effect of poor or good food would be accentuated. Yet the 
winged forms were never obtained in series of small, poorly fed insects, 
but occurred frequently in well-nourished series. 

It should be stated that these results are not based on deliberate 
experiments to obtain data on this point. Notes were made simply 
because of a very evident abnormality in size and rapidity of develop- 
ment, correlated with a lack or an abundance of food. Later, in study- 
ing the notes, it was foimd that the large, well-fed insects developed 
rapidly and often produced winged forms, while many of the small, 
starved aphides produced only wingless progeny. Moreover, none of the 
plants was heavily infested, so the production of winged aphides can 
not be correlated with that condition. 

In addition to the foregoing data, it was found that those winged 
insects produced during the summer months showed little or no inclina- 
tion to leave the plants on which they were produced. This would at 
once disprove the theory that these winged forms are produced when 
the insect meets adverse food conditions in order to carry it to better 
food. 

Other writers have maintained that the winged insects were produced 
as the result of an abundance of certain chemicals in the soil. The 
writers' work would not certainly contradict this theory. Still, the 
fact that the soil used was mixed in large batches and that winged forms 
were produced on some of the plants, jvhile other plants raised in soil 
from the same batch bore only wingless forms would seem to cast con- 
siderable doubt on its truth. It is also very difficult to understand how 
the occurrence of such a form as an intermediate could be made to con- 
form to this theory. 

The writers' results, deduced from very full notes on the life history 
of this aphis, lead to the belief that much of the evidence given in favor 
of these theories is based on insufficient data. 

It seems much more probable, especially in view of the quite frequent 
occurrence of such a form as the intermediate, that the production of 
this winged form during the summer is merely a reversion from the 
wingless to the more primitive aphis form. As such it is doubtful 
lyhetber food conditions have anything whatever to do with the matter. 
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OCCURRENCE 

Although, as has already been stated, this form is not necessary for 
the successful propagation of the species, it occurs quite commonly 
throughout the greater part of the summer. In the second generation 
the winged form outnumbers the wingless, although the writers were 
unable to determine the exact proportion. Thereafter winged insects are 
always less abundant than wingless. 

This form occurred, in the writers' experiments, in every generation 
from the second to the fifteenth, inclusive. It was of very rare occur- 
rence, however, after the thirteenth generation. In the complete life- 
history diagram (fig. 4) it occurred 149 times, each occurrence repre- 
senting a different combination of the two factors, form and generation, 
among the ancestors. 

In the field winged forms were apparently present in small numbers 
all summer. Definite observations were made on several days during 
July and August. In all cases migrants were found in every colony of any 
considerable size. 

It is very interesting to note that in only 18 cases were winged forms 
produced by winged mothers, and in only one case did three winged gen- 
erations occur in succession. 

The last winged insects were born on September 9; none were found 
after October, either in the experiments or on the trees. 

LENGTH OF NYMPHAL LIFE 

The immature stages of this form covered a period of two more days 
than did the same stages of the wingless form. This extra time was 
occupied in the pupal instar, the three earlier stages requiring the same 
amount of time as the corresponding stages of the wingless form. 

REPRODUCTION 

Dividing the season into periods similar to those used in the discussion 
of the wingless reproduction, the writers obtain the following figures: 
The average reproduction by 29 winged insects during the first p)eriod 
(to July i) was 50.1 per mother; that of 25 insects in the second period 
(July I to September i), 25.4 per mother. Very few winged insects 
occurred during the third period, and the writers have no complete 
records of progeny from any individuals. During the first period the 
average per insect per day was 2.92, During the second period it was 
2.04. 

The seasonal averg^ge production per insect was 39, while the daily 
average was 2.62. The greatest number produced in one day was 6, and 
the maximum number of young produced by one individual was 1 20 (in 
21 days). The average length of the reproductive period for the entire 
season was 20.75 days. 
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LONGSVITY 


The longest total life recorded for an individual of this form was 42 
dajrs. 


FLIGHT 


A large number of migrants of the second generation were reared on 
some small apple trees in the laboratory. These insects, on becoming 
adult, were very active, and several hundred were taken on the windows 
of the room in which they were confined. They were to a marked degree 
negatively geotropic. This was well illustrated by the fact that as many 
as 25 could be kept safely in a small open vial by simply holding it upside 
down. Almost without exception migrants transferred to new plants 
settled readily and made no attempt to fly farther. They were very 
likely to fly from the brush, however, during the process of transfer. 

In the case of the later winged forms no such tendency toward flight 
was observed. In no case were winged aphides observed which had left 
the plants and clustered on the sides and tops of the cages, unless the 
plants were so nearly dead that the wingless forms also left them. More- 
over, no particular caution was necessary in transferring them from one 
plant to another, since they showed no inclination toward flight. This 
would seem to indicate that the winged forms of the second generation 
alone correspond to the spring migrants of species with a definite alter- 
nation of hosts. 


INTERMEDIATE FORM (PL. LXVII, FIG. 6) 

DESCRIPTION 

Morphological characters: Antennae (PI. LXXIV, fig. 6) as follows: I, 0.064 mm.; 
II, 0.064 mm.; Ill, 0.2S to 0.34 mm.; IV, 0.16 to 0.24 mm.; V, 0.144 h> 0.208 mm.; VI, 
base 0.096 to 0.12 mm., unguis 0.176 to 0.328 mm. Antennal segments armed as in 
wingless individuals, with the exception of segment III, which is armed with unequal 
sized sensoria, varying from 4 to 6 in number. Vertex rotmded; eyes with ocular 
tubercles present; ocelli absent, even from specimens with nearly half-size wing rudi- 
ments. Thorax and abdomen with tubercles as in the wingless form. Thorax not 
lowing the distinct *'corseletta'’ of the winged form, but indicating a series in these 
forms from the winged to the wingless condition. Wings of winged form represented 
here by reduced wings of about half the normal size, through gradations in different 
individuals until mere folds of the skin are seen. Cornicles subcylindric, tapering 
distad, imbricated, and slightly flanged; length, 0.272 to 0.496 mm. Anal plate 
rounded, setose, and armed with long hairs. Cauda elongate, slightly constricted in 
the middle, rounded at the tip, densely setose, and armed with five or six long curved 
hairs on each side. Leg slender, hairy ; hind tibia 0.608 to 0.896 mm. long. Length of 
insect from vertex to tip of cauda, about 2.5 mm., but with much variation. 

In general outline the intermediate conforms much mote closely to the wingless 
insect than to the pupa, being plttmp and of regular outline without having the thorax 
sharply delineated. 

Color characters: In color characters this form resembles the wingless female very 
closely.. In most specimens the rudiments of the wings are of a light green color. 
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nearly the color of the abdomen, while in some others they are a dusky gray. In 
specimens that have wings as large as the normal hind wing of the winged form, these 
wings are transparent like those of the winged. In other color characters this form 
resembles the wingless female. 

COMPARISON WITH USUAL FORMS 

Up to and through the pupal stage these insects appear to be identical 
with the immature stages of the true winged aphides. In fact, the writers 
are not able to distinguish the pupal molts from which intermediates 
emerged from those shed by the winged insects. 

The adults, however, more closely resemble the wingless individuals 
than the winged, in general bodily outline. They lose the “corseletta'^ 
of the thorax, which latter at the same time becomes less distinctly 
differentiated from the abdomen, conforming quite closely to the wingless 
form. The darker color is also lost, the head and thorax being con- 
colorous with the abdomen. 

Two indications of the winged character are retained, however. These 
insects bear rudiments of wings, varying from wings of nearly half size, 
with indications of some of the veins, to tiny pads which are hardly more 
than wrinkles of the skin. Also the antennae of this form bear, on the 
third segment, sensoria like those of the winged insects, which are absent 
in the wingless form. These, however, are not normal, in that usually 
the entire six are not present, the numbers on the two antennae vary, 
and the sensoria are not of uniform size, very few being as large as the 
nonnal ones. 

One other interesting point is that the dorsoventral muscles of the 
thorax, which are developed in connection with flight, are very much 
reduced in all specimens and the longitudinal thoracic muscles are 
reduced in varying degrees, the amount of reduction in both cases 
coordinating quite closely with the reduction exhibited by the wings. 
The writers (19) believe these intermediates to be variants between the 
winged and wingless forms, and of perfectly normal occurrence, illus- 
trating the steps by which the wingless condition has been attained in 
the Aphididae. 

OCCURRENCE 

Intermediates were of rather common occurrence, being observed, as 
stated above, in 16 experiments. In all, 31 individuals were found. 

LENGTH OE NYMPHAL UPB 

The n3rmphal period was of the same length as that of the winged form. 
In fact it was impossible to distinguish between the two forms in any 
manner, until the adult condition was attained. 
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REPRODUCTION 

Rc5>Toductioti was perfectly normal. Both wingless and winged 
forms were produced, though the percentage of wingless forms was a little 
grater than by the wingless mothers. Three adults produced 81 young, 
an average of 27, This is much below the average for the other forms, 
but only 3 insects were used, and there is nothing to indicate that, nor- 
mally, this form would not produce at least as many young as the winged 
mothers. The average daily reproduction was 2.13 for these three indi- 
viduals, this being somewhat less than that of either of the other forms. 
Here, again, however, the small number of mothers detracts from the 
comparative value of the figures. 

^ • 

LONGEVITY 

The average length of life for these three insects was 24.3 days, one 
living 27 days. 

COMPARISON OF THE THREE FORMS 
NYMPHAL STAGES 

All three forms agree in having four immature stages, the first three 
existing for equal periods, while the last stage is about two days longer 
in the winged individuals and intermediates than in the wingless ones. 

REPRODUCTION 

Table II gives a comparison of the reproductive activities of the three 
forms. 


Table XI,— Comparison of the reproductive activities of the three summer forms of 

Aphis pomi 
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It will be noticed that a comparison of the figures for the entire season 
gives the winged form a larger average reproduction per insect than the 
wingless. This is because no winged individuals occurred during the 
.third period when the number of young produced was very low. Elimi- 
nating this factor we find that for the first two periods the average for 
wingless insects was 43 4* young, while for the winged aphides it was 
only 37.7. Unweighted averages have been used here, since it is desired 
to compare merely the production by the two forms under similar con- 
ditions, and the fact that wingless insects were so abundant during the 
second, or poorer, period would make the use of weighted averages unfair. 

PRODUCTION OP SEXRS 

Both wingless and winged viviparous females may, in addition to pro- 
ducing viviparous females, produce the sexes. However, the wingless 
individuals are much more commonly sexuparous than the winged in- 
sects, since sexes were reared from only three individuals of the latter 
form. 

DIMORPHIC REPRODUCTION 

No exact data are available on which to base statements as to the prev- 
alence of dimorphic reproduction — the production of two different forms 
by one mother. Nevertheless, enough data are at hand to show that it 
is of very frequent occurrence during the summer and may even be the 
rule. In several cases wingless, winged, and intermediate mothers pro- 
duced both wingless and wnnged offspring. In many cases the first 
young produced were all wingless, while later progeny were wfnged; but 
this was not always true, since the very last young were sometimes 
wingless. 

In a very few cases wingless mothers produced both vhfparous and 
oviparous females, and in one or two instances both males and ovipa- 
rous females. Again, in a few cases it w^as possible to determine that one 
mother produced both oviparous females and males, while in one instance 
a single viviparous insect produced viviparous females, oviparous females, 
and males. The production of oviparous females and males by the 
same mother is probably of quite common occurrence, but the dimorphic 
reproduction, including both agamic and sexual forms, appears to be 
rare. In the vast majority of cases one mother will produce only vivip- 
arous females or the sexes. It is of interest to note that in most of 
the cases recorded the agamic young were produced first and the sexes 
were the last forms produced by the mother. 

OVERLAPPING GENERATIONS 

Since the writers did not select the first and last young from each 
mother, they did not obtain exact data on the duration of each generation. 
However, using the average length of life of the various generations in 
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conjun;ct;ion with their observations they can very closely approximate 
the true conditions. 

In the diagram (fig. 2) the solid lines represent actual records. The 
hatched lines occurring at the beginning of the fifteenth to nineteenth 
generations are theoretical. They are necessitated by the fact that the 
earliest progeny was lost in some of these generations and it was necessary 
to continue with later offspring. The hatched lines at the end of the sev- 
eral generations are deduced by adding the average length of life to the 
date of last production of young. 

It will be noted that theoretically all the generations from and including 
the seventh should be expected to produce the sexes. It is quite proba- 
ble that such production occurs in nature, and that the sole reason sexes 



Fig. a.^-Diagram showing the overlapping generations of the green apple aphis. 


were not obtained from the seventh, eighth, and ninth generations is that 
later members of these generations were not reared and bred from. 

FEEDING HABITS 

As noted previously, the stem mothers fed only on the exposed green 
of the bursting buds and tiny leaflets, as this was the only food available 
to them. Later generations preferred the leaf petioles and then the young, 
newly formed twigs, although some remained on the leaves. In cases 
where the latter were excessively downy, however, the young stages es- 
pecially appeared to find some difficulty in living on them. This char- 
acter of downiness seemed to be particularly unfavorable when occurring 
on the underside of the leaves. Later, when the twigs commenced to 
harden, the aphides migrated back to the underside of the leaves, and 
in the fall, at the time the sexes began to appear, practically no viviparous 
aphides were found in any other location on the trees. This selection of 
food occurred only when the numbers were comparatively small. In the 
case of excessive infestation, twigs, kaf petioles, and the underside of 
the leaves are attacked simultaneously. Occasionally a single aphis will 
be found feeding on the upper surface of a leaf, but these cases are so 
rare as to be almost negligible. 
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In the writers' experiments the feeding of this species caused very little 
leafcurl. In the field, however, it often induces considerable curling, 
and some writers have recorded the injury as being very severe. This 
injury appears to be produced mainly by the earlier generations. The 
writers have had under observation some old trees whose water sprouts 
were heavily infested from the middle of the summer to the dose of the 
season. Very few of the leaves on these suckers showed any curling and 
these few were only slightly affected, being merely rolled over somewhat. 
Certainly the curling produced by this species (PI. LXXV, fig. i) is never 
as severe as that caused by A, malifoliae. 

It is very interesting, in this connection, to note that in the spring 
we seldom found large, pure colonies of A . pomi occurring on the trees. 
In practically every instance there were some individuals of A, mcUifoliae 
present. Since a single half -grown stem mother of the latter species can 
cause very severe curling it seems probable th^t many of the records of 
this effect from the feeding of A . pomi should properly be referred to the 
rosy apple aphis. 

This species has been reported as attacking and injuring young fruit 
in some cases, and in severe infestations young aphides are often found 
clustered on the apples. A few experiments were performed along these 
lines, but the insects could not be induced to feed on the fruit in any 
instance, even when all foliage was removed from the twig. It seems 
very probable, therefore, that such feeding is rather rare. 

The quality of the food has a very marked effect upon the size, color, 
and rapidity of growth of the insect (Table III). When furnished with 
tender succulent food throughout lar\"al life, the adults are large, plump, 
and light green in color. On the other hand, if the food is poor in quality, 
the adults will be smaller, dark green, and the bodies will be much 
wrinkled. The insect will also require a considerably longer period to 
attain maturity on poor food. 

Table III. — Effect of food on rapidity of development and reproduction of Aphis pomi 


Poor food, insects small. 


Good food, insects large. 


Bxperiment 

No. 


Date bom. 


*559 

1643 

1645 

i66e 

185a 


Aug. s 
Aug. 14 
. , .do. . , . 
July aS 
Aug. 17 
Sept. 10 


Avenge 


Nymphal 

period. 

Number 
of young 
produced. 

Days. 

10 

*5 

10 to la 

8 

. 10 to ra 

14 

It to 13 

44 

13 + 


la to 14 


II. s 

10 35 


Experiment 

No. 


Date bora. 


Nymphal 

period. 


Number 
of young 
produced. 


1617 

1687 

*839 


* 754 - 

18^. 

1856. 


Aug. 13 

Days. 

7 


Aug. 19 

7 to 8 

28 

Sept. I 

7 to 8 

20 

Aug. 31 

7 to 8 


Aug. 27 

7 to 8 

25 

Sept, a 


23 


7- 7 ^*4. a 
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It will be noted that in general the smaller forms occurred earlier in 
the year than the large ones, at a time when the average length of the 
nymphal period was particularly short; also that, while the percentage 
of young produced by the larger insects is below the seasonal average, 
it is, on the whole, higher than the average of the period in which the 
insects occurred. 

It is very difficult to judge exactly the condition of the food supplied 
to the insects. The size of the leaves furnishes no criterion as to the 
amount of food available. The aphides do as well on young, newly 
opening leaves as on larger ones. In fact the largest, plumpest aphides 
reared were fed on such foliage, while the poorest conditioned insects 
were raised on old, dark leaves, whose general condition can perhaps 
best be described as “hard.” 

Some of the dormant trees used in the spring continued to live through- 
out the season. These furnished very satisfactory food at first. They 
put out slender twigs which never hardened and the leaves of which 
never fully unfolded. During the latter part of the summer, while the 
foliage continued perfectly green and appeared to be very succulent 
growth practically ceased. Aphides confined on these plants grew 
slowly and never attained the size or plump condition of the average 
adult. 

SEXES 

OVIPAROUS FEMALE (PL. LXVII, FIG. 4) 

DESCRIPTION 

First instar. — ^Morphological characters: Antennae as follows: I, 0.025 mm.; II, 
0.032 mm.; Ill, 0.096 to 0.128 mm.; IV, base 0.042 to 0.056 mm., nngtiis 0.088 to o.ia 
mm.; segments I and II with stout spinelike hairs. III and IV imbricated and bearing 
similar spines; segment III with a distal sensorium, and IV with the usual sensory 
group. Compound eye with about 14 facets. Labium about as long as the antennae. 
Legs hairy, hind tibiae about 0.209 mm. long. 

Color characters: Very variable, usually an olive green, with dusky appendages. 

Second instar. — Morphological characters: Antennae as follows: I, 0.028 to 0.04a 
mm.; II, o.oaS to 0.042 mm.; Ill, 0.06 to 0.112 mm.; IV, 0.048 to 0.08 mm.; V, base 
0.058 to 0.08 mm., unguis 0.12 to o. 16 mm.; segment IV with a distal sensorium, and 
V with the usual sensory group, otherwise quite similar to antennae of last instar. 
Compound eyes with about 24 facets. Labium nearly as long as III and IV of the 
antennae. Cornicles thick, rounded at the tip. Legs more slender than in the pre- 
vious instar; length of hind tibiae, 0.256 to 0.32 mm. 

Third instar. — Morphological characters: Antennae as follows: I, 0.048 mm.; 
II, 0.048 mm.; Ill, 0.16 to 0.176 mm.; IV, 0.109 mm.; V, base 0.08 mm., unguiso.i84 
to 0.208 mm.; segments armed similarly to those of the previous instar. Compound 
eyes with many facets. Cornicles more cylindric than in the previous instais, 0.1 is 
mm. long. Legs slender, hind tibiae 0.112 mm. long. 

Cokir characters: As in previous instars. 

Fourth instar. — ^Morphological characters: Antennae as follows: I, 0.048 mm.; 
II, 0.048 mm.; Ill, 0.096 to 0.16 mm.; IV, 0.08 to 0.152 mm.; V, 0.096 to 0.144 mm.; 
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VI, base 0.08 to 0.096 mm., unguis 0.192 to 0.256 mm. ; segment V with a distal senso- 
rium, segments III to V imbricated and with a few prominent spines. Compound eyes 
large and with very many facets. Cornicles cylindric, 0.161 mm. long, imbricated. 
Legs slender, hind tibiae 0.537 mm. long. Cauda conical, this and the anal plate 
densely setose. 

Color characters; Approaching those of the adult, the dark green transverse band 
apparent in some cases, and the black portions more strongly developed than in the 
previous instar. 

Fifth instar (adui^t). — Morphological characters: Antennae as follows: I, 0.064 
mm.; 11,0.064 mm.; Ill, 0.176 to 0.192 mm.; IV, o.i 12 to 0.16 mm.; V, 0.144 to 0.176 
mm.; VI, base 0.096 mm., imguis 0.24 to 0.288 mm.; segments III to VI imbricated 
and with a few rather prominent spinelike hairs, without sensoria excepting the 
usual distal one on V, and the sensory group at base of unguis. Vertex very slightly 
rounded. Compound eyes laige, with distinct ocular tubercles; prothoracic tuber- 
cle very large and distinct ; abdominal tubercles small with the exception of the first 
cephalic pair and the pair caudad of the cornicles. Cornicles (PI. LXXIV, fig. 14) 
subcylindric, tapering distad, imbricated and slightly flanged. Legs slender, and 
armed with stiff hairs. Hind tibiae slightly curved, very little, if at all, swollen, and 
armed with circular sensoria; these vary greatly in number, from a few to about 
fifteen (PI. LXXIV, fig. 20). Three or four seem to be more common than the lai^e 
numbers. They are very irregular in size, and are often very faint. Anal plate 
rounded, densely setose, and covered with a few long curved hairs on each side. 
Cauda somewhat elongate, conical setose, and armed with six or seven curved hairs 
on each side; length, 0.16 mm. Length of insect from vertex to tip of cauda, about 
1.8 mm. 

Color characters: Vertex and top of head dark brown to black. Thorax yellowish 
green, slightly pruinose. Anterior portion of the abdomen olive or greenish yellow, 
that portion just between and anterior to the cornicles dark green, forming quite a 
distinct band; segments of the abdomen caudad of the cornicles olive or yellowish 
green; margin of the abdomen wuth a row of dark markings. Cauda, anal plate, and 
cornicles black. Tarsi and distal extremities of tibiae, femora, and antennae dark 
brown. 

In older specimens which have oviposited, the green band upon the abdomen be- 
comes narrow and in very old specimens the body color often shows dark (dull) red- 
brown with the transverse band brighter than the remainder of the body. In a few 
cases the female is not olive or yellowish green as described, but is orange-yellow, of 
a color very similar to that of the males. 

MALE (PL, LXVII, FIG. 2) 
description 

First instar. — Morphological characters: Antennae as follows: I, 0.024 mm.; II, 
0.03a mm.; Ill, 0.096 mm., IV, base 0.056 mm., unguis 0.088 mm.; segments I and 
II with a few stout bristle-like hairs; segments III and IV imbricated, the third one 
towrard its distal extremity only and both with a few stout hairs; segment III with a 
distal sensorium, and IV with the usual group at the base of the unguis. Compound 
eye with 12 to 14 facets. Cornicles short, thick, and rounded at their distal extremi- 
ties. Labrum about as long as segments III and IV of antenna. Legs thick and 
very hairy, hind tibie 0.19 mm. long. 

Color characters: Pale yellowish brown with dusky appendages and with the body 
often covered with a mealy bloom. 
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S]SC0KD INSTAR. — ^Morphological characters: Antennae as follows: I, 0.034 mm.; 
II, 0.033 mm.; Ill, 0.064 mm,; IV, 0.056 mm.; V, base 0.048 mm., tinguis 0.096 mm*; 
segments with the characters of trst instar, excepting that the distal senaoiium is on 
segment IV. Compound eyes with about 18 facets. Cornicles short. I^egs some* 
what similar to those of the previous instar, hind tibiae 0.19a mm. long. 

Color characters: Similar to those of the previous instar. Tarsi, distal extremities 
of tibiae, and distal extremities of antennae black. 

Third instar. — ^Morphological characters: Antennae as follows: I, 0.032 mm.; II, 
0.04 mm.; Ill, 0.112 mm.; IV, 0.08 mm.; V, base 0.064 mm., unguis 0.112 mm. 
Armament of the antennae, legs, etc., as in previous instar. 

Color characters: As in previous instar. 

Fourth instar. — Morphological characters: Antennae as follows: I, 0.041 mm.; II, 
0.041 mm.; Ill, 0.08 to 0.144 mm.; IV, 0.056 to 0.128 mm.; V, 0.072 too.zi2 mm.; VI, 
base 0.064 to 0.08 mm., unguis 0.128 to 0.176 mm,; segments III to VI imbricated 
and armed with a few stout hairs; segment V with a distal sensorium and VI with 
the usual group at base of unguis, otherwise the segments are similar to those of pre- 
vious instar. Compound eyes with very many facets. Cornicles cylindric and 
imbricated, 0.072 to 0.096 mm. in length. Legs with many prominent spines, tarsi 
imbricated, tibiae 0.^68 to 0.448 mm. long. 

Color characters: General color characters similar to those of third instar. Black 
marking only on the distal extremities of the antennae, the distal extremity of the 
labium, the cornicles, the tarsi, and the distal extremities of the tibiae. 

Fifth instar (adult). — Morphological characters: Antennae (PI. LXXIV, fig. 9) 
as follows: I, 0.045 II, 0.045 mm.; Ill, 0.16 to 0.184 mm.; IV, 0.128 to 0.168 
mm.; V, 0.112 to 0,144 mm.; VI, base 0.081 mm., unguis 0.184 to 0.232 mm.; segments 
III to VI strongly imbricated and armed with numerous stout hairs; segment III 
with 7 to 10 irregularly placed sensoria, the arrangement of these giving the segment 
a slightly knotty appearance; segment IV with about an equal number of sensoria 
irregularly arranged; segment V with about 5 sensoria of unequal size and with irregu- 
lar arrangement; segment VI with the usual group at the base of the unguis. Vertex 
slightly rounded. Eyes with distinct ocular tubercles; thorax with a very prominent 
tubercle; abdomen with four lateral tubercles on each side, the pair caudad of the 
cornicles and the most cephalic pair larger than the others. Cornicles (PI. LXXIV, 
fig. 13) cylindric, imbricated, slightly flanged distad, 0.104 to 0.28 mm. in length. 
Legs slender, hind tibiae 0.496 to 0.592 mm. long. Cauda conical, not constricted, 
setose, and armed w^ith long curved hairs. Anal plate somew’hat truncate; genital 
plate rounded, wrinkled, and spiny; claspers irregular, corrugated, covered with 
minute spines; penis long, curved, fleshy (PI. LXXIV, fig. 8). Length from vertex 
to tip of abdomen, about 1.12 mm. Shape of insect elongate and narrow, much more 
so than any other form. 

Color characters: General color greenish brown, occasionally olive, sometimes with 
an orange tinge. Antennae, cornicles, cauda, and genital appendages black; crown 
with a black cap similar to that of the stem mother; tip of the labium smoky to 
black. Insects sometimes slightly pruinose. 

FIRST APPEARANCE OF SEXES 

The production of the sexes is governed apparently by two factoxs, 
the season (temperature being of prime importance in this factor) and 
the generation. Of these the first is by far the more important. 

The earliest sexes in breeding cages were bom on September 2* They 
were in the eleventh generation, which was also the earliest generation in 
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which they occurred in the experiments.^ Yet some viviparous insects of 
the sixteenth generation had been bom as early as August 17, indicating 
very clearly that the season is of great importance in determining the 
production of sexual forms. 

The evidence supporting the other factor is not quite so direct. The 
first sexes in the eleventh generation were bom on September 2, in the 
twdfth and thirteenth, on September 5; in the fourteenth, on Sep- 
tember 8; in the fifteenth, on September 22; in the sixteenth and seven- 
teenth, on September 24. In all the generations up to and including the 
fifteenth, viviparous young were bora on or before September 3.* In 
the sixteenth generation no young were produced between September 
3 and 9, when viviparous young were bora. The earliest vivipara in 
the seventeenth gener- 
ation were produced on 
September 19. 

The accompan3ning 
diagram (fig. 3) gives 
the curves for percent- 
age of experiments con- 
taining sexes, by dates. 

Each date summarizes 
the production for 
seven days, the record- 
ed date being the mid- 
dle one of the seven. 

The writers can not 
give the exact percent- 
age of sexes in each 
generation, since all of the progeny were not reared. However, of the 
generations occurring wholly after September i , the sixteenth contained 
sexes in 51 per cent of the experiments, the seventeenth in 80 per cent, 
and the eighteenth in 100 per cent. In the nineteenth generation all 
the insects produced were oviparous females or males. 

The most striking points brought out by these figures are that, besides 
the fact that each generation first occurs at a later period than its prede- 
cessor, an additional period is required (to and including the seventeenth 
generation) for the first appearance of sexes, and that in general the 
earlier generations are producing sexes in every experiment at a time 
when later generations are producing them in a very small percentage of 
experiments. This would indicate that, while seasonal climatic con- 

> It •ecnu pfbbable that they may occur as early as the eighth geneiattan under some conditions. See 
page 98s. 

* The inaecU bom in the sixteenth geneiatioo before August x? are not included in this discussion, since 
they failed to teach maturity, and it was necessary to go back two generations for new material. 
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ditions are the principal factor in the production of these forms, yet 
different, perhaps more severe, conditions are needed for each succeed- 
ing generation. Also, the generation itself becomes of more and more 
importance, till in the eighteenth (first produced on September 30) every 
experiment contains some sexes, while in earlier generations batches of 
young containing only parthenogenetic females were produced after that 
date. This latter point is emphasized by the fact that in the nineteenth 
generation only sexes appeared, while in the earlier generations some 
viviparous insects were produced as late as were any of the insects in the 
nineteenth. 

It should be stated that the first sexes, in the open, were observed 
about September 15. These were partially grown. By September 22 
adult and nearly full-grown males and females were abundant, indi- 
cating that these forms were produced at least as early as the 6th of 
September. 

PERCENTAGE OP males TO FEMALES 

Notes were not made in every case of the numbers of males and 
females in an experiment, but the records of 71 experiments in which 
such figures were kept give an average of 1 1 per cent of males in a total 
of 350 insects. This is above the true average, since many experiments 
contained ‘‘many females and no males,"' and such records have not 
been included. In only four experiments did the males outnumber the 
females, and in these experiments the greatest number of sexes raised 
was six. 

length of nymphal life 

The period covered by the nymphal life of this form was considerably 
longer than that covered by the same stages of viviparous females, 
although there were only four n3miphal stages, as in those forms. The 
average period for the immature stages was 20.6 days, the range being 
from 16 to 36 days. It was impossible to obtain satisfactory data as to 
the divisions of this period occupied by each stage, as in the majority of 
the oviparous females the normal rate of growth was considerably 
deranged by cold spells. Such conditions woidd greatly retard the 
development of the insect, with the result that the particular stage in 
which the insect passed through such temperatures was lengthened in 
comparison with the other stages. Thus, one experiment might show 
the first to be the longest stage, while in another the longest stage might 
be the third. In the case of oviparous females bom early in Septem^r, 
the first three stages occupied about the same amount of time as the 
entire nymphal period of the viviparous females, while the last stage 
continued for about 6 days. Later in the fall it was impossible to make a 
comparison. The males require the same amount of time for complete 
development as do the females and the length of the nymphal period is 
affected by climatic conditions in exactly the same manner for both sexes. 
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longevity 

The longest record we have for total life of females is 47 days. At 
the end of this period the experiment containing two females was set 
aside and was not examined again for a month. At this time all were 
dead. The average life for the sexual females is about 25 days. The 
period varies with climatic conditions, insects bom late in the season 
not living as long as those bom in September. The total life period of 
the male appears to be considerably shorter than that of the female. 
The longest period observed was 31 days. In this case the male was 
never transferred from the plant on which it was bom, and several 
females were present. When a male was transferred to a new tree 
bearing only one or two females, it usually disappeared within a week. 
In some cases it died, but often it could not be located at all. Toward the 
end of the season females were still quite abundant, but no males could 
be found. 

The last oviparous females were observed, under natural conditions, 
on November 27. They were on a tree which still bore five or six green 
leaves. The next day these leaves fell and no more insects could be 
found. In the cages living oviparous females were present on January 
5, at which time all experiments were closed. 

HARDINESS 

This species, particularly the oviparous females, can withstand very 
severe temperatures. On January 5, 1915, observations were made 
on some experiments in the insectary. These experiments contained 
both viviparous and oviparous females. At this date all the \dviparous 
and most of the oviparous females were dead. However, on one plant 
one living insect was found, while a second plant bore six insects which 
were alive. These latter six were very quiet, showing only the slightest 
movement when disturbed. The other one, however, was quite active 
and moved about on the plant. At the time the observations were 
made (2 p. m.) the temperature was 43° F., and these insects had been 
subjected to such low temperatures several times, the minimum being 

MATING 

The oviparous females may mate within two days, and possibly in 
less time than that, after reaching maturity. On the other hand, a 
female may mate for the first time at least eight days after having 
become adult. The principal factor in determining this point is the 
facility with which the male finds the female. 

Males have lived for considerable periods of time, as much as 10 days, 
and have spent much of the time on the same leaf with the female, and 
yet mating apparently did not take place. When males have been placed 
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beside females, even in contact with them, they have shown no signs of 
recognition. Sometimes they would remain by the female and com- 
mence feeding. Usually they would immediately wander -away. Never- 
theless, the male appears to be constantly searching for the female. 
Although it feeds considerably at periods, it is usually engaged in running 
rapidly about over the plant. The writers have seen such a male pass 
close to a female, which has produced one or more sterile eggs, several 
times and not pay the slightest attention to her. Some time later such 
a female would produce fertile eggs, proving conclusively that he finally 
found her. It may be that the female is only in condition to mate at 
certain times and that when not in condition she offers no attraction to 
the male. 

The writers have never witnessed the entire act of copulation. A 
pair may remain in copula for at least 25 minutes, but whether or not 
the period is usually much longer than that is uncertain. During mating 
the female may move about carrying the male with her. She usually 
remains quiescent, however, with her beak inserted in the leaf or twig 
on which she rests. 

Whether or not plural mating is necessary for fertilization of all the 
eggs is a point concerning which the writers are uncertain. It is 
indicated, however, by the fact that in a few cases females have laid 
fertile eggs and later sterile ones. Certainly plural mating takes place 
quite frequently. In one case under observation a female mated three 
times before laying any eggs, the first egg being produced between three 
and four days after the last mating observed. This is very difficult to 
explain unless the suggestion that the female mates only when in the 
proper condition is incorrect, in which case it is possible that the eggs 
were not fertilized by the first two matings. The writers have never 
observed females in copula after they have laid fertile eggs, but aphides 
which have laid sterile eggs frequently mate and produce fertile ones 
later. 

OVIPOSITION 

The shortest time observed by the writers to elapse between mating 
and egg deposition is 2 days. Howei^r, in one experiment a female 
deposited a sterile egg on one day and a fertile one on the next. This 
would suggest very strongly that oviposition may take place within 24 
hours after mating. 

In the experiments the number of eggs laid by females ranged from 
I to 6. The normal number appears to be 6, though the average was 
4.75. The rate of deposition is very irregular. In one case a female 
laid 2 in 24 hours and a third in the next 48 hours. In another case a 
ferdale produced 3 eggs which were laid 6 and 5 days apart. In several 
cases females which had been observed in copula produced no eggs 
whatever, although living several days afterwards. On the other hand, 
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Structural details of Aphis pomi, A. avenae, and A. malifoliae: 

Fig. T. — Aphis pomi: Antenna of wingless viviparous female, adult. 

Fig. 2. — A. pomi: Antenna of wingless viviparous female, third instar. 

3- — pomi: Antenna of wingless viviparous female, second instar. 
Fig. 4. — A. pomi: Antenna of wingless viviparous female, first instar. 
Fig. 5. — A . pomi: Antenna of stem mother. 

Fig. 6. — A. pomi: Antenna of intermediate. 

Fig. 7. — A. pomi- Antenna of winged viviparous female. 

Fig. 8. — A. pomi: Male genitalia. 

Fig. 9 — A . pomt: Antenna of male. 

Fig. 10. — A . pomi' Antenna of wingless viviparous female, fourth instar. 
Fig. II. — A . pomt Cornicle of winged viviparous female. 

Fig. 12. — A. pomi. Cornicle of wingless viviparous female. 

Fig. 13. — A, pomi: Cornicle of male. 

Fig. 14, — A. pomt: Cornicle of oviparous female. 

Fig. 15. — A. avcnae- Antenna of stem mother, first instar. 

Fig. 16. — A. pomi' Antenna of stem mother, first instar. 

Fig. 17. — A. malifoliae: Cornicle of winged viviparous female. 

Fig. 18. — A. avenae.' Cornicle of winged viviparous female. 

Fig. IQ. — .4. pomi' Cauda of adult. 

Fig. 20 — A. pomi' Hind tibia of oviparous female. 

Fig. 21. — A. pomt Cauda of pupa. 



PLATE LXXV 
Aphis pomi on its host planti 


Fig. I. — Colonies on apple. 

Fig. 2. — ^Apple twig bearing eggs. 









SOILSTAIN, OR SCURF, OF THE SWEET POTATO ‘ 


By J. J. Taubenhaus, * 

Associate Plant Pathologist ^ Delaware Agricultural Experiment Station 
INTRODUCTION 

Soilstain of the sweet potato (Ipomoea batatas) is a disease which is 
little known. The present work is the result of three years' investigations 
by the writer. 

The disease was first described by Halsted (3) in 1 890 under the name 
''scurf." For the last 24 years nothing new has been added to our knowl- 
edge of this trouble; subsequent writers have merely quoted Halsted. 
From the writer's studies (8, 9) it became evident that the disease needed 
further elucidation. The average grower little suspects that “ stain is 
a fungus trouble. In fact, the term "soilstain" as applied by the grower 
indicates his belief that there is something in the soil which stains the 
roots. He even believes that the plant itself leaves some coloring matter 
in the soil which stains subsequent crops of this valuable root. Others 
think that the staining is due to the application of manure to the soil; 
hence, they term it "manure stain." 

ECONOMIC IMPORTANCE OF THE DISEASE 

Soilstain is not a disease to be feared in the sense that it may produce a 
direct rot in the mature roots; nevertheless, it is economically important. 
Growers whose lands are badly infected assert that stained roots keep 
better in storage. Others find consolation in saying "there is no such 
thing as stain, the dark color of the skin being merely a varietal charac- 
teristic." The fact remains, however, that many eastern markets dis- 
criminate against stained roots. In years of overproduction the New 
York market refuses stained roots. The western buyers, on the contrary, 
are lax on this point; otherwise, many growers in the United States 
would be forced to cease producing sweet potatoes for want of a market. 

OCCURRENCE OF SOILSTAIN 

Soilstain is prevalent in Delaware on practically all sweet-potato land. 
It has also been' reported from other States where sweet potatoes 
are grown. The writer has met with it in the sweet-potato districts of 
Delaware, New Jersey, Maryland, and Virginia. 

^ The Editorial Committee of the Journal of Agricultural Research kindly forwarded to the writer a copy 
of Harter's paper on ‘ ‘Sweet- Potato Scurf ” before it was published, with the suggestion that reference to 
that article be made. The writer has covered certain studies on the scurf of the sweet potato in storage and 
has treated more fully the morphology and physiology of the fungus than has Harter. These studies verify 
the work of Harter with one exception; in the morpholog;^' of the fungus he overlooked the fact that the 
conidia are catenulate. 

* The writer is indebted to Dr. Charles Thom, of the Bureau of Chemistry, and Mrs. Flora W. Patterson, 
of the Bureau of Plant Industry, for having examined specimens of this fungus. 
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SYMPTOMS OF SOILSTAIN 

Soilstain is characterized at first by small, circular, deep-day-colored 
spots on the surface of the sweet-potato root. These spots occur singly, 
but usually there are several in a given area. When very numerous, the 
spots coalesce, forming a large blotch which sometimes takes the form 
of a band or may cover the entire root. Soilstain is particularly con- 
spicuous on the white-skinned varieties, such as the Southern Queen. 
Here the color of the spots is that of a deep-black clay loam. On the 
darker-skinned varieties the color of the spots does not appear so con- 
spicuous. Soilstain is a disease of the underground parts of the plant. 
The vine and foliage are never attacked as long as they remain free from 
the soil. However, when these are covered, the petioles as well as the 
stems become infected. 

EFFECT OF THE DISEASE ON THE HOST 

After several months of storage, badly affected roots become a deep 
brown, which greatly contrasts with noninfected sweet potatoes. Occa- 
sionally, badly stained roots seem to be subject to more rapid drying and 
shrinking. This, however, is not often the rule. Usually soilstain is 
very prevalent in overheated storage houses. It may be, therefore, that 
the rapid shrinkage is due to the overheating and not to the effect of the 
disease itself. More data are necessary to determine these points. Soil- 
stain is not only a disease of the epidermis (PI. LXXVII, fig. a) and as 
such considerably reduces the market value of mature roots, but it also 
attacks the very young rootlets, preventing their further development 
and indirectly reducing the yield. In badly affected fields the writer has 
estimated a loss of lo per cent of the crop from rootlet infection. 

FACTORS FAVORABLE TO SOILSTAIN DEVELOPMENT 

The type of soil seems to be a determining factor in the development 
of soilstain. Sweet potatoes grown on very light sandy soils, especially 
those which are hilly, are usually free from the disease. The heavier 
lands, or those rich in humus, rarely produce a clean- crop. The appli- 
cation of manure favors the spread of the fungus and increases the stain. 
In fact, the manure itself is often a carrier of the disease, since diseased 
roots of all sorts find their way ultimately to the manure pile. The trouble 
is also carried directly with the seed stock. These, when planted in the 
seed bed, will produce loo per cent of diseased sprouts. Experimental 
data, as well as extensive observations in seed beds and in the field, all 
corroborate these statements. Wet weather is favorable to the spread 
and increase of stain. During wet seasons the disease is more plentiful 
than in dry seasons. 
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STORAGE EXPERIMENTS 

Growers who do not suspect the fungous nature of soilstain are always 
at a loss to explain the appearance of the trouble in storage when other- 
wise healthy roots are brought in. In order to determine definitely the 
effect of storage on this disease, the following experiments were carried 
out during two consecutive seasons: At digging time in September, 1913, 
a diseased field was chosen for that purpose. A large number of roots 
were selected and placed in hampers in the following ways. 

Experiment i. — Three hampers were filled with roots which to all 
appearances were free from stain. The object of the experiment was to 
determine whether apparently clean roots taken from a diseased field 
will develop stain. 

Experiment 2. — Three hampers were filled with roots which showed 
very slight infection. The spots in these cases varied from 5 to 10 
in number and were single and scattered. The object of this experiment 
was to determine whether the disease would increase in storage and the 
spots coalesce. 

Experiment 3. — Three hampers were filled with roots which were 
thoroughly stained all over. The object of this experiment was to deter- 
mine whether badly affected roots would be subject to more rapid drying 
and shrinkage. 

Experiment 4.-^Three hampers were filled with well-stained roots. 
At the bottom was placed a layer of stained roots, followed by a layer of 
healthy ones, on top of which was another layer of stained roots. Each 
layer was separated from the other by a narrow strip of paper. The 
object of this experiment was to determine whether healthy roots in 
contact with diseased ones will become infected under storage conditions. 

Experiment 5. — Three hampers were filled with roots which to all 
appearances were free from stain and were taken from an adjoining clean 
field. These were to serve as checks. 

All the experimental hampers were placed in a medium-sized potato 
house which had poor facilities for ventilation. The conditions, there- 
fore, were ideal for the experiment. The hampers were stored for a 
period of months. 

The results of the above experiments may be summarized as follows: 
The roots in the first three hampers (experiment i) remained clean, indi- 
cating that clean roots, though coming from an infected field, when 
stored and protected from contact with stained roots, will remain clean. 
The roots in the second three hampers (experiment 2) showed an increase 
in the stain and a coalescence of previously smaller spots. The roots in 
the third three hampers (experiment 3) seemed to be shrunken most. 
The roots in the fourth three hampers (experiment 4) indicated that 
apparently healthy potatoes may become stained when placed directly 
in contact with diseased roots. The check roots (experiment 5) were all 
free from stain. The above experiments were repeated in 1914 and 1915. 
The results obtained did not differ from those referred to above. 
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CAUSE OF SOILSTAIN, OR SCURF 

Halsted (3) was first to attribute the cause of soilstain (scurf) to a 
fungus, Monilochaetes infuscans E. and H. However, Halsted and the 
later writers have left no record of having experimentally proved the 
pathogenicity of the fungus. The writer has found no records of its 
having been grown in pure cultures. Several efforts by the writer to 
obtain the organism from badly stained roots which were kept in storage 
at first yielded negative results. Each time the causative fungus was 
overrun by a varied and rapidly growing flora. Pure cultures of the 
fungus were finally obtained from plantings of young minute spots. Of 
300 such spots, 10 per cent 3delded colonies of the causative organism, 
and these were few in number. The plates were examined every day 
and it was found that the fungus did not appear until nearly three weeks 
after culturing. Because of this slow growth, the fungus in previous 
work was overrun by secondary invaders. The cultural work empha- 
sized the necessity of making a large number of poured plates when 
working with an apparently difficult organism. The first reference to 
the fact that this fungus had been grown in culture was made by the 
writer (8, 9) in 1914 and also recently by Harter (4). Using pure cultures 
of the fungus, the writer reproduced the disease several times at will. 

MORPHOLOGY AND PHYSIOLOGY OF THE FUNGUS 

It has been stated that Halsted first named the organism. Although 
some figures are recorded in Halsted's bulletin (3), yet they are only 
fragmentary and do not take account of all the various stages of the 
morphology of the fungus. Halsted's observations of the fungus must 
have been limited to material on the host. In pure culture the fungus 
grows very slowly. It is characterized by small darkish round colonies 
(PI. LXXVI, fig. I ) varying from one-tenth to one-fifth of an inch in diam- 
eter. The growth is floccose at the top, and anastomosed below, having 
a resemblance to a stroma in the substratum of the medium. The surface 
growth of a colony resembles that of species of Altemaria and some 
species of Cladosporium, but differing from these by its restricted slow 
growth. The surface of the colony of M. infuscans has an ashen color, 
which is also the general appearance of the fruiting. The fungus grows 
better on vegetable plugs and is at its best on steamed onion and celery 
stalks. The aerial mycelium is branched, septate, and hyaline when 
young (PI. LXXVII, w, w). With age the mycelial cells turn gray, then 
black, and become filled with oil globules (PI. LXXVII, I, r). The sub- 
merged hyphae are made up of smaller cells which in old cultures swell 
and take on the appearance of chlamydospores. The conidiophores 
are distinct from the mycelium (PI. LXXVII, a), and not obsolete, as 
stated by Stevens (7). From extended observations it was found that 
conidiophores do not arise in clusters, but are always formed singly 
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(PI. LXXVII, a, t, u). They are erect, not branched, and when viewed 
hastily would be mistaken for setae of species of Colletotrichum or Vermi- 
cularia. Upon a close examination they are found to be made of closely 
septate dark-celled mycelium, the base of which rests on one or two 
smaller ones (PL LXXVII, a). Generally the measurements of the 
conidiophores vary with the medium used. The host, too, seems to have 
a determining influence. 

In material collected at random from the market or direct from storage 
the conidiophores appear to be smaller than those taken from artifi- 
cially infected sweet potatoes. In the latter case, the causative organism 
seems to possess more %dgor, because of moisture under control methods. 
The average of nearly 500 measurements on various media and on the 
host shows that the conidiophores vary from 100 to 300/* in length. 
Great difficulty was experienced in studying the formation of conidia. 
It is difficult to observe spore formation on storage material. Harter (4) 
claims that there is but one conidium formed at one time at the tip 
of the conidiophore. As soon as this conidium breaks off, a new one is 
formed in its place. The studies of the writer on this point are at va- 
riance with those of Harter. The writer finds that the spores are borne in 
distinct chains. In pure culture the chains break up very readily when 
moistened and pressed down with a cover glass. The spore chains break 
immediately when moistened with alcohol, oil, or any other liquid (PI. 
LXXVI, fig. 2, fe, d, 6). The chains of spores do not appear to be held 
together with any kind of mucilage. However, it was found that when a 
dry cover glass is carefully placed on the surface of a colony growing in a 
Petri dish and the latter placed under the microscope, all the stages of spore 
formation could be studied with much ease. The spores are borne in chains 
(PI. LXXVI, fig. 2, a, t, and LXXVII, g, /i). At first, the protoplasm of the 
tip of the conidiophore is seen to round up, then a minute bud pushes out 
(PI. LXXVII, c) and increases in size until a mature spore is developed, 
which is left standing at the tip of the conidiophore (PL LXXVII, d). 
All the succeeding newly formed conidia are formed at the tip of the 
conidiophore, so that the oldest conidium stands at the farthest end 
of the chain (PL LXXVII, e, /, t). Careful observations of these chains 
have shown them to be made up of from 10 to 28 conidia. A distinct 
characteristic of the latter is that they are always guttulate (PL LXXVII, 
w), irrespective of the medium used. In some cases the conidia in pure 
culture appear to be massed in “pockets’* around the tip of (he coni- 
diophore, as in species of Gloeosporium or Fusarium (PL LXXVI, fig. 2, 
c, Cy gy hy j) , Howevcr, a close examination will show that this is no 
definite characteristic of the fungus. 

It has been stated that the least disturbance will cause the chains of 
conidia to break up. In so doing they invariably cluster around the 
conidiophore, grouping themselves in various ways (PL LXXVI, fig. 2, 
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6, c, d, e, /, g, h). This is observed only when the fruitings of the fungus 
are seen in a dry state. However, when placed in a drop of water or in 
any other liquid, the chains of spores break up and scatter over the liquid. 
The spores (conidia) are i-celled^ hyaline, with a greenish tinge, but never 
dark or brown. They measure trom 15 to 20 by 4 to 6 ix. Sometimes a 
germ tube is produced at the tip of the conidiophore which later bears 
spores (PI. LXXVII, lig. h, ky o, p). Broken-off mycelial cells are 
also capable of germinating. In this case a germ tube upon which 
spores are formed is first produced (PI. LXXVII, fig. 6). The spores 
readily germinate in water or in any nutrient medium (PI. LXXVII, fig. 
w, g, Sy V, X, y, z). 

An attempt was made to determine whether M. infuscans would also 
cause a rot of the interior of the sweet-potato root. Inoculations made 
with pure cultures of the fungus in slits made with a sterilized and cooled 
scalpel showed the organism incapable of causing a rot of the root. It 
was thought that perhaps the starch or the sugar was detrimental, but 
the fungus grows well on a starchy medium prepared according to Smith 
(6, p. 196), although not so well on media rich in sugar. It seems prob- 
able that neither the sugar nor the starch restricts the growth of the 
organism to the epidermis only, but this is done by the enzyms of the 
host. 

TAXONOMY OF THE FUNGUS 

The name ''MonUochaetes infuscans y'* meaning black bristly Monilia, 
given by Halsted to the soilstain fungus, remarkably describes the main 
features of the organism. However, Halsted failed to describe fully 
either the species or the genus. Saccardo (5) barely mentions the fungus. 
Neither Engler and Prantl (2) nor Clements (1) nor any other systematic 
writer on fungi record the genus Monilochaetes. The description given 
by Stevens (7, p. 597) is incomplete. It was probably taken from 
naturally infected material, where the chains of conidia are seldom, if 
ever, noticed, since they are partially broken off with the rubbed epi- 
dermis. The conidiophores in such material are often broken down or 
wanting. From the present studies it seems that the writer is warranted 
in retaining the names of both the genus and the species of Monilochaetes 
as used by Halsted. Harter (4), too, decided to retain this genus. The 
description from a pure culture follows. 

Monilochaetes inliiscans E. and H. 

Spores borne in chains which readily break up; conidia hyaline to green- 
ish, guttulate; conidiophores black, several septate; mycelium first 
hyaline, then darker with age. The submerged mycelium swells irregu- 
larly. Conidiophores, loo to 300 by 3 to 7 /a; conidia, 15 to 20 by 4 to 6/*. 
The fungus is a very slow grower on artificial media. Parasitic on the 
sweet-potato root, causing a brown, blotched disease of the epidermis. 
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SUMMARY 

Soilstain, or scurf, is a disease of the epidermis of the sweet-potato 
root. The disease occurs in every sweet-potato section, East and South, 
and is probably generally distributed. It is more abundant in the heavier 
soils, especially where manure is used as a fertilizer. 

Soilstain reduces the market value of the mature roots. It reduces 
the average 3nleld by attacking also the younger rootlets and stunting 
their development. 

Soilstain is a disease of the underground parts of the plant. In stor- 
age the disease spreads by contact and is favored by moist, poorly 
ventilated houses. 

The fungus Monilochaetes infuscans is difficult to culture, because it 
is a very slow grower and is readily overrun by associated saprophytes. 
The conidiophores of M. infuscans are distinct from the mycelium, the 
older growth of which is also dark. The conidia are borne in chains 
which readily break up when moistened or disturbed. 
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PLATE LXXVI 


Fig. I. — Petri dish containing a pure culture of Monihckaetes infuscans. 

Fig. 2 . — a, Part of a conidiophore of M. infuscans, showing the imbroken chain of 
conidia; 6, d, and k, various ways of tlie breaking up of the chains of conidia when 
disturbed or moistened; c, e, f, g, h, and j, spores collecting in pockets after the 
chains of conidia have broken up ; * , bending in of the chain of conidia prior to breaking 
up into individual spores. 
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PLATE LXXVII 


a, Part of a cross section of a sweet-potato root, showing the relationship of Motii- 
hchaetes infuscans to the epidermis of the host, 

b, Germination of a fragment of mycelium of M. ^uscans, showing the germ tube 
which is first produced and upon which conidia are borne, 

Cf d, «,/, g, h, i, and i, Different stages in the development of the spore and the 
chain of conidia; 

0, j, k, and /), Protruding hyaline tube at the tip of the conidiophore on which are 
borne the conidia; this form of fruiting is not common, 

1, w, and w, Differentiation of the coarser dark mycelium, and the finer hyaline to 
subhyaline hypha*; 

■M, Attachment of the conidiophore to the mycelium; 

r, Conidiophore-bearing mycelium, being part of u; 

m, q, s, V, X, y, and z, Different stages in tlie germination of the conidia of M. 
infuscans. 
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AN ASIATIC SPECIES OF GYMNOSPORANGIUM ESTAB- 
LISHED IN OREGON » 

By H. S. Jackson, 

Chief in Botany ^ Agricultural Experiment Station of Purdue University t Indiana 

INTRODUCTION 

Early in June, 1914, specimens of a species of Roestelia on Japanese 
pear leaves were sent to the writer from the of the Secretary of the 
Oregon State Board of Horticulture. These had been collected in the 
yard of a Japanese family at Orient, in the vicinity of Portland, Oreg. 

The writer visited the locality on June 1 1 , 1914, and found two Japanese 
pear trees {Pyrus sinensis) the foliage of which was seriously affected with 
the fungus (PI. LXXVIII, fig. i). Since all species of Roestelia, so far as 
known, are the aecial stages of species of Gymnosporangium, and none 
are known to be perennial, it was at once recognized that the source of 
infection must be in the immediate vicinity. A search was made for a 
possible telial stage, but no positive e\ddence of the occurrence of such 
was obtained at that time, on account of the lateness of the season, 
though several vfirieties of Juniperus, as well as other members of the 
Juniperaceae, were found growing in the same yard, all of which were 
stated by the owners to have been directly imported from Japan several 
years before. Inquiry revealed that the rust had been present in small 
amount the previous season. 

Careful examination showed that the rust should properly be referred 
to Roestelia koreaensis P. Henn., which was originally described from 
material collected in Korea (Chosen), but has since been reported as 
occurring commonly in Japan. An examination of the literature showed 
that considerable confusion has existed regarding the identity and rela- 
tionship of certain of the Asiatic species of Gymnosporangium. Two species 

This paper is based on studies which were conducted in the laboratory of the Department of Botany 
and Plant Pathology of the Oregon Agricultural College Experiment Station. It is essentially as read at 
the summer meeting of the American Phytopathological Society, at Berkeley, Cal., on August 5, 1915. with 
certain additional information obtained from the examination of materia! in the herbarium of Dr. J. C. 
Arthur, to whom grateful acknowledgment is due for this privilege as well as for helpful suggestions 
See abstracts in Phytopathology, v. 5. no. 5. p. 393. z9X5t and Science, n. s., v. 42, no. xo 86 , p. 583. 19x5. 
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have been especially confused, and on, account of their interest in North 
America they will be discussed together in this paper. In order to make 
the situation clear, a review of the literature of these rusts with refer- 
ence to their occurrence in Japan as well as in the United States will 
be given. 

INVESTIGATIONS IN JAPAN 

From 1897 to 1899 Shirai (7)^ conducted infection experiments in 
which he claimed to show that Roestelia koreaensis was genetically con- 
nected with Gymnosporangium japonicum Sydow. He succeeded, in 
several different experiments, in obtaining the development of typical 
aecia of R. koreaensis on the leaves of Pyrus sinensis by exposing them to 
infection from germinating telia on Juniperus chinensis, Shirai stated, 
however, that in Japan the telia of G. japonicum occur not only on the 
trunks and branches, as the original diagnosis of Sydow states, but also 
on the leaves of the juniper, and he described and figured both stages 
(7, pi, I, fig. 19 and 22). 

Ito (4) recently calleo^ttention to the fact that Japanese mycolo- 
gists have for some time considered that the forms which occur on the 
stem and leaves of Juniperus chinensis are not the same species. He 
also recorded the results of infection experiments in which the telio- 
spores of the stem form were sown on Pyrus sinensis y Amelanchier asiatica, 
and Pourthiaea vUlosa, with infection only on the last. The resulting 
aecia proved to be typical of Roestelia photiniae P. Henn. Referring to 
the leaf form, Ito further stated that he considered it to be G. Haraeanum 
Syd. and that G. asiaticum Miyabe is synonymous. Miyabe and Yamada 
(6) have recently shown by infection experiments that G. asiaticum, 
which occurs on the leaves of J. chinensis, has for its aecial stage a 
species of Roestelia on Pyrus sinensis, Cydonia vulgaris, and Cydonia 
japonica. Hara (3) has also recently shown by infection experiments 
that G, Haraeanum has for its aecial stage R. koreaensis on Pyrus sinensis. 

From the above it would appear that Shirai had both forms, Gymno- 
sporangium japonicum and G, Haraeanum, mixed in the material which 
he used for inoculation and that his successful results on the pear were 
due to infection by the sporidia of the leaf form, G. Haraeanum (G. 
asiaticum), and not of the branch form, G. japonicum, as was supposed. 

OCCURRENCE IN AMERICA 

Clinton (i) reported the occurrence in 1911 of Gymnosporangium 
japonicum on imported plants of Juniperus chinensis in Connecticut. 
He also found the two forms on stems and leaves and followed Shirai 
in considering them identical. Long (5), after a study of Clinton’s 
material, called attention to the difference between the two forms and 
described the leaf form as G. chinense, considering it distinct from G. 

‘ Reference is made by number to 'Xiterature cited,*' p. 1009. 
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Haraeamtm. Clinton (2) later admitted that he confused two species, 
but believed I^ong not justified in describing the leaf form as new and 
considered G. chinense Long as synonymous with G, Haraeanum. 

The branch form, G. japonicunty has recently (May 19, 1915) been 
collected on the campus of the University of Washington, at Seattle, 
Wash., by Dr. J. W. Hotson, and a specimen of it is in the herbarium 
of Dr. J. C. Arthur and has been examined by the writer. 

OCCURRENCIS IN OREGON 

In the spring of 1915 (Mar. 29) the writer again visited the locality 
from which he had previously collected the material of Roestelia koreaensis. 
Within 20 feet of the two Japanese pear trees which had shown the 
infection the previous season and about midway between them two 
trees of Juniperus chinensis were found which showed abundant infection 
on the leaves of a lelial stage of a species of Gymnosporangium. This 
was determined as G. Haraeanum, At the the collection was made 
most of the sori had become swollen into geraBious masses of character- 
istic shape (PI. LXXVIII, fig. 3), though a few were found which had 
not become expanded (PL LXXVIII, fig. 2). No other species of 
Gymnosporangium was found in the vicinity, and no evidence of a 
branch form was noted. 

A considerable quantity of this material was taken to the laboratory 
of the Department of Botany and Plant Pathology at the Oregon Agri- 
cultural College and used in greenhouse infection experiments. No 
plants of Pourtkiaea villosa were available, but four potted plants of 
Pyrus sinensis and one each of Pyrm communis and Cydonia vulgaris 
were used in the experiments. 

The method used was that of suspending branches of the infected 
juniper over the trees and covering them with large bell jars. This was 
done on March 30. These were left over the trees for four days, during 
which time the jars were removed for a few" moments daily and the foli- 
age and the inside of the jars sprayed with water. The plants were left 
covered longer than was intended, it having been the original plan to 
leave them covered only two days. At the time they were removed it 
was noted that evidence of infection was already visible on the foliage 
of the Japanese pear trees. Three or four days later it was e\ 4 dent that 
pycnia were developing in great abundance on the foliage of these and a 
few on the quince. There was evidence of initial infection on the trees 
of Pyrus communis y but no pyaiia ever developed; only minute black 
spots finally resulted. 

Fully developed aecia were collected from the infected trees of Pyrus 
sinensis (PL LXXIX, fig. i) and Cydonia vulgaris (PL LXXIX, fig. 2) 
on June 3, though they were mature fully three weeks earlier. The 
resulting aecia were found to agree in all respects with the aecia collected 
in the field the previous year and with descriptions of Roestelia koreaensis. 
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These results, the writer believes, confirm the opinion regarding genetic 
relationships expressed by Ito and the culture work of Miyabe and 
Yamada and of Hara, referred to above. They also serve as additional 
evidence that Shirai’s successful infections were obtained with the leaf 
form rather than with the branch form. 

So far as the writer is aware, this is the first record of the complete 
establishment of any introduced species of Gymnosporangium in this 
country, though incomplete evidence of the establishment of the same 
species in California was brought to his attention through a specimen 
of Roestelia koreaensis found in the Arthur herbarium and collected on 
Pyrus sinensis at Oakland, Cal., July i, 1913, and communicated by 
Prof. H. S. Fawcett, of the California Experiment Station. Corre- 
spondence with Prof. Fawcett and Prof. W. T. Home, also of the 
California Experiment Station, revealed that the specimens came from a 
nursery conducted by Japanese, and that among other things various 
oriental evergreens wem^rown. The pears were said to have been 
originally imported fronlJIPance in the dormant condition. The pres- 
ence of this fungus on the leaves of the pears under the conditions is 
proof that the telial stage must have occurred on some species of Junip- 
erus in the immediate vicinity, though no observations or collections 
were made. It is evident from this that the rust was at least tem- 
porarily established in California at that time. 

TAXONOMIC CONSIDERATION 

Based upon the results of the infection experiments discussed above, 
together with the evidence presented in the literature and such studies 
as the writer has been able to make with the material available in the 
Arthur herbarium, the present status of the species under discussion is 
believed to be as follows : 

Gymnosporangium koreaense (P. Henn.), n. comb. 

Roesteha koreaensis P. Henn., 1899, m Warburg, Monsuuia, v. x, p. 5. 

Tremella koreaensis Arth., 1901, tn Proc. Ind. Acad. Sci., 1900, p. 136. 

Gymnosporangium asiaticum Miyabe, 1903, in Bot. Mag [Tokyol, v. 17, no. 192, p. (34). (hyponym) 
Gymnosporangium Haraeanum Syd , 19x2, in Ann. Mycol., v. 10, no. 4, p. 405. 

Gymnosporangium chtnense Irong, X914, m Jour. Agr. Research, v. i, no. 4, p. 353. 

Pycnia and aecia on Pomaceae: Cydonia vulgaris Pens., reported from Japan and 
cultured by Miyabe and Yamada; and from Oregon, cultured on June 3, 1915, by 
H. S. Jackson. Cydonia japonica Pers., reported from Japan and cultured by Miyabe 
and Yamada. No specimens seen. Pyrus sinensis, reported from Korea and Japan. 
(Part of type of R. koreaensis, examined.) Cultured in Japan by Shirai, Miyabe and 
Yamada, and by Hara. Occurred naturally at Orient, Oreg., on June ii, 1914 (H. S. 
Jackson), and at Oakland, Cal., on July i, 1913 (H. S. Fawcett). Cultured at Cor- 
vallis, on Oreg., June 3, 1915, by H. S. Jackson. 

Telia on Juniperaceae: Juniperus chinensis, reported from Japan (part of type of 
G. Haraeanum, examined j and from United States in a nursery at Westville, Conn., 
on stock just imported from Japan on March 28, 1911, by G. P. Clinton (type of G. 
chinense, examined), and from Orient, Oreg., on March 29, 1915, by H. S. Jackson. 
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Gymnosporangium asiaticum Miyabe is included here on the authority 
of Ito (4). Regarding G, chinense, the writer, after comparing portions 
of the original collection of this with a specimen of the type collection 
of G, Haraeanum^ is inclined to agree with Clinton (2) that they should 
not be separated. Long (5) gives us the most important basis for 
separating G. chinense from G. Haraeanum, the presence of a single 
apical pore in the upper cells of the former species, found rarely in the 
thick-walled form, but more commonly in the thin-walled form. He 
states that in the latter there are two pores in the upper cells always 
occurring near the septum. A careful examination of a portion of the 
original collection of G. chinense in the Arthur herbarium shows that 
apical pores occur rarely, even in the thin-walled form, and in every 
case observed there was a second pore near the septum. The same 
condition was observed in the type material of G. Haraeantim, though 
rarely. The collection of the writer, made in Oregon, also shows the 
same condition, but with the apical pores abundant in the thick- 

walled form. In all of the collections exami^ra spores were occasionally 
found in which one of the pores in the upper cell occurred at or near 
the septum and the other at a point from one-third to one-half the 
distance from base to apex. The other differences mentioned by Long 
are largely, the writer believes, due to variation and are not sufficient 
to justify separation. 

Gymnosporangium photiniae (P. Heiin.) Kern, 1911, xn Bui. N. Y. Bot. Card., v. 7, 

no. 26, p. 443, 

RoestfUa photiniae P Hcnn., 1894. in Hedwigia. Bd. 33, Heft 4, p 231. 

Gymnosporangium jaPonti-um Syd., 1899, m Hedwigia, Beibl., Bd 38, No. 3, p. (141). 

Pycnia and a?cia on Pomaceae* Pourthiaea villosa reported from Japan, cultured 
successfully by Ito. 

Telia on Juniperaceae: J uni penis chinensis, reported from Japan and from United 
States in a nursery at Westville, Conn., on stock just imported from Japan, March 28, 
1911, by G. P. Clinton, and at Seattle, Wash , May 19, 1915, by J. W. Hotson. 

KCONOMIC IMPORT.VNCK 

Little is known concerning the economic status of the species under 
discussion. It may be said, however, that any fungus introduced from 
a foreign land is an unknown quantity and should be treated with sus- 
picion until its status has been established. Several of the American 
species of Gymnosporangium are already of considerable economic 
importance, notably G. junipi ri-virginianac Schw. in the eastern United 
States and G. Blasdaleanum (D. and H.) Kern in the Pacific States. 

Gymnosporangium koreacnse has been shown to have its aecial stage 
on the cultivated quince and the Japanese pear. While attempts to 
infect Pyrus communis were unsuccessful, it should be pointed out that 
only a single attempt was made and it is reasonable to expect that cer- 
tain varieties of pears, particularly those derived directly or by hybridi- 
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zation from the oriental species, would be susceptible to infection. It is 
not known whether this species is capable of infecting the apple. No 
records of its occurrence on that host have come to our attention. 

While the only telial host known for either species is the Oriental 
juniper, it should be noted that this species is a very variable form, of 
which many varieties are recognized, and is closely related to several 
American species of the Sabina group. It is not at all impossible that 
either of the rusts under discussion might find a congenial host among 
some of the American species of Junipenis and become firmly estal> 
lished in this way. 

The infection experiments of the writer with Gymnosporangium koreaense 
have shown that it develops very vigorously on the quince. Since the 
species of Gymnosporangium which are known to infect the quince do not 
usually develop so vigorously on that host as on others, the vigorous 
growth of this species on the quince may be an indication that G. koreaense 
is rather cosmopolitan in ig^abits and in a new habitat finally may prove 
capable of infecting a wide range of pomaceous hosts. 

Several of the forms of Juniperus chinensis are commonly planted for 
ornament in various parts of the country, and practically all of these 
are imported directly from Japan. Both Gymnosporangium phoiimae 
and G. koreaense are apparently common in Japan and, as shown by the 
American records, are liable to be frequently introduced on the telial 
host. If infected trees should be planted in the immediate vicinity of 
pomaceous hosts capable of harboring the aecial stage, it is possible for 
either species to become established, as has occurred in Oregon. In the 
case of the outbreak of G. koreaense in the nursery at Oakland, Cal., it 
is probable that the junipers which were the source of infection for the 
rust on the pears have been sold and distributed, and the rust may 
already be established in one or more localities that have not yet come 
to the attention of plant pathologists. 

In the case of Gymnosporangium photiniae it is uncertain whether the 
telial stage is perennial or biennial. Clinton (i) records that an infected 
tree planted in the greenhouse developed after two years a new sorus in 
a different part of the stem than the point of original infection. It is 
known that several other related species which cause fusiform enlarge^ 
ments of the stem are perennial and take more than one season for the 
development of the telia after infection. As in all species of Gymno- 
sporangium, the infection of the telial host occurs in the summer, and the 
mature sori do not develop till the following spring or, in some species, 
until the second spring after infection. G. koreaense, so far as known, 
is an annual form, requiring a new infection of the telial host each year. 

In the case of either species it would be difficult to detect the presence 
of infection during the summer or dormant season, making inspection at 
the port of entry difficult. To be certain that infected junipers were 
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not planted, it would be necessary to hold all imported plants in quaran- 
tine until the following spring at least, in order to detect the presence of 
G, koreaense and until. the second spring for the detection of G. photiniae. 
All trees found diseased should be destroyed, and in case the rust becomes 
established in any locality it would be advisable to remove the telial host. 
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PLATE LXXVIII 

Fig. I. — ^cial stage of Gymnosporangium koreaensc on under surface of leaf of 
Pyrus sinensis. Field collection at Orient, Oreg. Natural size. 

Fig. 2. — Telial stage of G. koreaense on yotmg twigs of juniperus chinensis. Son not 
distended. Field collection at Orient, Oreg. Natural size. 

Fig. 3. — Same as figure 2, with sori distended. X2. 
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PLATE LXXIX 


Fig. I. — Gymnosporangium koreacnsc on leaves, petioles, and stems of Pyms shie-nsis. 
The result of infection experiments u'^ing germinating telia on Juniperus chinensis. 
Natural size. 

Fig. 2. — G. koreaense on Cydonia vulgaris. Natural size. 




RELATION OF ^TOMATAL MOVEMENT TO INFECTION 
BY CERCOSPORA BETICOLA ‘ 

By Vbnus W. Pool, Assistant Pathologist t and M. B. McKay, Scientific Assistant, 
Cotton and Truck Disease Investigations, Bureau of Plant Industry 

INTRODUCTION 

Leaf spot infection of the sugar beet {Beta vulgaris L.) caused by Cer- 
cospora heticola Sacc. has been found to be closely related to if not directly 
controlled by stomatal movement in so far as the host is concerned. 
Penetration of the leaf by this parasite is effected, so far as known at 
present, only through open stomata. Consequently the factors favor- 
able to stomatal pore opening become of fundamental importance in the 
occurrence of the disease. 

The factors considered in this paper as most important in influencing 
stomatal movement are leaf maturity and certain en\dronmental con- 
ditions. The term '*leaf maturity*’ as employed in this paper is used 
to designate the condition of those leaves which have reached a maximum 
degree of physiological efficiency per unit area. Neither the size of the 
leaf nor its relative age in days can be taken as a reliable index to its 
degree of maturity. Under certain conditions young heart leaves of 
the sugar beet may be stimulated into physiological maturity befofe 
they have arrived at the average adult size, and such leaves will always 
remain small, while leaves which have attained average adult dimen- 
sions may still be physiologically immature. The varying degrees of 
leaf maturity have been found to be accurately indicated by the relative 
size and number of stomata per square millimeter of leaf surface, and these 
morphological factors have been observ’^ed to remain constant for a given 
maturity, even though the leaf size and position might indicate another 
stage of development. The stomata on leaves determined as mature by 
this method exhibited the greatest movement and responded most 
readily to changes in the environment. Light may be considered the 
essentially fundamental external factor affecting stomatal movement, 
although its influence may be greatly modified by different tempera- 
tures and relative humidities, the two factors that will be considered in 
detail in this paper. 

In addition to stomatal movement, infection is also influenced by the 
rapidity of growth of the conidial germ tube and the maturity of the 
leaves. Detailed field obser\^ations have shown that heart and extremely 

1 This study has btm carried on in connection with a detailed investieaticm of the sugar-beet Icafspot 
conducted by the United States Department of Agriculture in cooperation with a beet-sugar company at 
Rocky Ford. Cido.. during 1913 and 19x3. A continuation of the entire problem was made possible during 
the season of 19x4 at Madison. Wis., through the kindness of Dr. L R. Jones, of the University of Wisconsin. 
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young leaves are not susceptible to infection, and that young mature 
leaves are only slightly so, while mature leaves show the greatest sus- 
ceptibility. It has also been found that old leaves past their maximum 
development have for the most part lost their susceptibility, for they 
seldom show an increase in the number of leaf spots present. Thus the 
greatest susceptibility to infection becomes concomitant with the greatest 
stomatal movement, as they both occur on the leaves of the same degree 
of maturity. 

With the varied host and environmental factors favorable, as might 
be indicated by the stomata on mature leaves remaining open for a 
period of from five to eight day hours and with vigorous viable conidia 
of the fungus present, infection would be practically assured. 

FACTORS INFLUENCING STOMATAL MOVEMENT 
LEAF MATURITY 

A Study of the stomata on leaves of different maturities has indicated 
certain specific characters that might be used to determine the compara- 
tive development of different leaves. The number of stomata per 
square millimeter of leaf surface and the stomatal pore lengths have been 
found to give a good indication of leaf maturity as determined by the 
size, condition, and position of a leaf on a normal plant. By using the 
stomatal numbers and pore lengths as a means of measurement, the 
degree of maturity of any leaf on a heavily infected or otherwise abnor- 
mal plant may be determined, regardless of the degree of development 
indicated by its size and position. This becomes of especial value in 
the study of the leaves on a plant heavily infected by Cercospora heticola, 
for the young leaves may be mature, though their size and position 
would indicate immaturity. 

Lloyd’s* (7) method* for observing stomata in situ has been used 
throughout the study in determining the stomatal numbers and pore open- 
ings. Microscopic examinations were made near the middle of the blade 
of leaves which were taken directly from the plants to the stage of the 
microscope. Readings were continued not longer than two minutes, the 
stomata remaining unchanged during that time. 

On a normally developed sugar-beet plant, pronounced differences 
are usually found to exist between the central, or heart, leaves, those 
occupying a midway position on the plant (here designated as mature 
leaves) and those occurring at the extreme outer portions of the leaf 
growth (old leaves). On leaves growing in such relative positions read- 

1 Reference is made by number to “ Literature cited,” p 1038. 

* Lloyd’s stomatoscope (shown xn PI. LXIXX, fig i). which was devised later, was kindly lent by the 
inventor for the studies which were made in Colorado in 19x3. Two characters of this instruxnent, which 
make it exceedingly valuable for leaf study, are the lung stage and the modified condenser, which serves 
also as a mling chamber. The instrument also has a basal screw for tripod attachment. In a letter to 
the authors he has suggested (1) that the objective should be corrected for use without a cover glass, (a) 
that the focus of the condenser should be capable of being placed 5 mm. above the stage level for p roper 
use in the esse of thick leaves, and (3) that smoked glasses should be provided to shield the eyes. 
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ings were made of the stomatal numbers and pore lengths, together 
with the leaf size. These readings were taken during the same period 
and under comparable environmental conditions and the results are 
given in Tables I, II, and III, each leaf having been given the same 
number in all the tables. 

stomatai^ numbers 

It is shown in the general averages of Table I that the number of 
stomata per square millimeter of heart-leaf surface (289.8, upper surface; 
353-5i lower surface) is more than times that on mature leaves (100.7, 
upper; 130.6, lower), as would be expected. There are in turn more on 
the mature than on the old leaves (80.1 and 105), while cotyledons have 
the fewest of all (54.7 and 73.2). The plants studied were grown in the 
field at Madison, Wis., under favorable conditions, and at the time the 
readings were made they appeared normal in every way. The older 
plants were about 7 weeks old, and those from which the cotyledons 
were studied were 3 weeks old. The cotyledons were green and turgid, 
comparing in maturity and activity probably with those leaves termed 
"‘mature.** It may also be noted in the averages that more stomata 
were present on the lower surface of the leaves than on the upper and 
that the ratio between the two remained uniform. 


Table I . — Average number of stomata on the upper and the lower leaf surfaces of heart, 
mature, and old leaves and cotyledom of the sugar beet. Readings^ taken at Madison, 
Wis., on July 6, igig. The nutnbet of readings made per leaf ts given in parentheses 
following each average 


Heart Icavci. 


Mature leaves 


Old leaves. 


Leaf No 


Upper Lower. Upper Lower | Upper Lower 


Cotyledons. 


Upper Lower, 


2 . 

3 - 

4* 

5 

6 . 

7- 

8 . 

9 

10. 

11. 

13. 

13 - 

14. 

\l. 

*7- 

19. 

ao. 

ax. 


240.7^ 

293.8 
275-5 

298.8 

298.8 

315-4 

307-1 

320.3 

253-9 


2)282.2 


3250 

391-7 

373-5 
|370.i 
381.8 
381.8 

2)348.6 

,3)370.1 

.3)308.7 


303-7 (3) 


249.0 (i) 


257-3 (2) 


Average 


289.8 


{398,4 (i)! 


323-7 (2) 


340.3 (2) 


353-S 


92.9 
94 6 

94.6 

104.5 

1245 

92.9 

104. S 
104 5 

99.6 

109.5 

104.5 


(3)1 

Ij 

,3) 

.3)1 


141.1 

124.5 

126.1 
132.8 
129.4 

09.6 

126.1 

141. 1 

121.1 

137.7 &\ 
154 3 (3) 


102.9 

99.6 

99.6 

91-3 


(4)[i27.8 (4)| 

(2) 

(2)!ii6.2 (i) 


100.7 


149.4 ( 
132.8 ( 


130.6 


55 --*’ 

59-7 

71.3 

74.7 

94 6 
83.0 

89.6 
92.9 

99.6 
83.0 


78.0 
102.9 
86,3 
99.6 
116 2 

104.5 
104 5 
126.1 
1328 
99.6 


69.7 
66.4 

53.1 

3) 7^-3 
[3) 66.4 

74.7 
33-2 

49.8 
49.8 

38.1 
49.8 

58.1 
49.8 


54.7 (3) 
92.9 (s) 

78.0 u) 
59-7 (3) 


109.5 

107.9 

38.1 

76.3 

91.3 

43.1 

56.4 
\I26.Z 

38.1 


(4) 

(4) 
(3) 

(5) 
(3) 
(3) 


66.4 (3)| 

33.2 (2) 

49.8 (i) 


83.0 (i) 


80.1 


105.0 


54.7 




I) 


73-2 


» Hiw leaves were used for the readixxgs given in Tables II. Ill, and V, and each leaf has the same number 
ill all the 

* Ntiimbers ixi italics indicate the maximum and minimum variation. 
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STOMATAI. PORE LENGTHS 

The stomatal pore lengths of the different types of leaves show varia- 
tions that are comparable to those observed in stomatal numbers — e., a 
smaller stomatal size must accompany the greater stomatal numbers per 
unit area. The pore lengths (Table II) of the stomata on the heart 
leaves (i 4 m» upper surface; 14/i, lower surface) are on the average about 
half that of those on the mature leaves (28.5^, upper, 27.1/i, lower), and 
in turn the mature leaves show a slightly shorter pore length than those 
on the old leaves (31.06/i, upper, and 30.5/i, lower) or cotyledons (31.8/x, 
upper, and 32.1/i, lower), the last two sets being about equal. 

Table II . — Average lengths (in microns) of stomatal pores on the upper and the lower 
leaf surfaces of hearty mature ^ and old leaves and cotyledons of the sugar beet. Readings^ 
taken at Madison ^ Wis., on July 6 ^ 1914 . The number of readings made per leaf is 
given in parentheses f allowing each average 


Leaf No. 


9- 

10. 

11. 

12. 
13- 
14. 
IS- 
16. 
17- 

18. 

19. 
21. 


Average. 


Heart leaves 


Upper. Lower. 


ll 


12. 2 
12 . 

11. 

18.6 

15-6 

12. 7 
8.8 

10.5 

16. 1 
17-7 


16, 9 (4) 


14- 8 ( 5 ) 


14. o 



16 . 9 ( 3 ) 


14. 8 (4) 


14. o 


Mature leaves 


Upper Lower. 


33-9 
33-9 
29. 6 

25. 8 
28.3 

32.5 

29. 6 
27- 5 

26. 7 
29. 6 
29. 6 
29. 6 


2) 

,3) , 

12 )\ 

7) 

7 ) 

7 

9 

7. 

i! 

w" 



28. 5 


*6. 7 ( 3 ) 


27- S 
26. 2 


25-4 
26. 2 

26. 2 
27.9 

23-7 

27. 5 
29-6(s)j 

28. 8 (6) 


25 - 8 ( 7 ) 


29. 6 (s) 
27- S ( 7 ) 
27- S ( 4 ) 
27 - 5 ( 9 ) 
27- S ( 4 ) 


27. I 


Old leaves 


Upper Lower. 


33- 9 (<>> 
30. 9 (6) 
29. 6 (5) 
31 - 3 ( 7)1 
29 - 6 ( 3 ) 


31. 06 



3°-S 


Cotyledons. 



1 These leaves were used for the readings given in Tables I. Ill, and V, and each leaf has the same number 
in all the tables. 


It thus appears that a definite relation exists between stomatal pore 
length and maturity of the leaf, although at times a shorter pore length 
might indicate the maturity as being somewhat less than would be shown 
by the number of stomata present. This may be due to the completed 
growth of the epidermal cells being attained before metabolic activity 
reaches its maximum, and consequently the stomatal pore length would 
be less. 
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SIZB AND MATURITY OF LSAF 

The sizes of the leaves from which the stomatal numbers and pore 
lengths have been taken show a difference that is characteristic of com- 
paratively young plants during the early summer. As these plants in- 
creased in size, the oldest leaves would for a period be normally much 
smaller than the mature leaves, since the old leaves had been formed at a 
time when the plants were small. This difference in size is shown in 
Table III, where the mature leaves are much larger (18.3 by 15.1 cm.) than 
the old leaves (10.9 by 7.2 cm.), which in turn are only slightly larger than 
the heart leaves (9.9 by 6.6 cm.). Since the plants had not yet attained 
their maximum size, these heart leaves would, when mature, probably be 
larger even than the present mature leaves. Finally, however, a point 
would be reached where the mature leaves formed would not be in- 
creasingly larger with advanced age of the plants, at which time the 
mature and old leaves should be approximately the same size. It thus 
appears that there are great variations throughout the season in the 
sizes of the leaves that are developed at different periods or under abnor- 
mal conditions, owing to disease, unfavorable soil factors, etc. However, 
leaf maturity, regardless of leaf size, may be determined by the number of 
stomata per unit area and their pore lengths. 


TablR III . — Comparative sizes {in centimeters) of heart, mature, and old leaves and 
cotyledons of the sugar beet. Readings ' taken at Madison, Wis,, on July 6 , igi 4 



> These leaves were used for the readings given in Tables X.Il.andV. and each leaf has the same number 
in all the tables. 
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COMPARISON OP FACTORS FOR DIFFERENT REGIONS 

A comparison of the observations of stomatal numbers and pore 
lengths, leaf size and maturity at different times and places and under 
various conditions indicates the constancy of existing relations. These 
studies have been made in the field in Wisconsin and Colorado and in the 
department greenhouse at Washington, D. C. (Table IV). In general, 
the sizes of leaves are not comparable as read from these three places in 
that the periods of observation were varied and the controlling factors 
were different. However, the variations in the number and size of the 
stomata on the different leaves in a given localitv have remained uniform 
in all readings. 

The heart leaves, as would be expected, always exhibited more stomata 
per unit area and had shorter pore lengths than the mature leaves on the 
same plant, and, in turn, the mature leaves showed more stomata per 
unit area than the old mature leaves. It is to be noted, however, that 
heart leaves in Wisconsin, although comparing them with those studied 
in Colorado in stomatal pore lengths, showed twice as many stomata per 
unit area, indicating less maturity and consequently a greater possible 
ultimate development in area of leaf surface. This difference probably 
was due in great measure to the almost constant presence of leafspot 
on the plants observed in Colorado and the great freedom from it in the 
Wisconsin field from which the data were taken. The accumulative 
effect of the disease on the plant would be shown by the development 
of smaller sized leaves with a lessened number of stomata per unit area, 
showing that they were maturing at a size below normal. 


Table IV. — Comparison of the average size of leaf^ stomatal numbers, and pore lengths 
on different leaves of sugar-beet plants studied in Wisconsin, Colorado, and Washing- 
ton, D. C. 


lx>cality and leaf 
maturity. 

1 

Size of leaf 

Number of stomata 
per square milli- 
meter of leaf sur- 
face 

Stomatal pore 
length. 

Number 
of leaves in 
averages. 

Length. 

Width 

Upper 

Lower 

Upper. 

Lower. 

Wisconsin 

Cm, 

Cm, 




M 


Heart 

9-9 

6.6 

289. 8 

353 - 5 

14. 0 

14. 0 

13 

Mature 

I 

15 - I 

100. 7 

130. 6 

28. 5 

27. I 

16 

Old mature 

10.9 

7. 2 

80. I 

105.0 

31- I 

30* 5 

10 

Cotyledons 

2. 7 

.8 

54-7 

73 * 2 

31.8 

32. I 

18 

Colorado 








Old heart 

ZO. 2 

12. I 

144 - 9 

206. 2 



5 

Old heart, unin- 




I 



fected * 

11.8 

8.6 

145- 9 

187-5 

14*4 

14. 8 

ii 

Young mature, 








infected ^ 

13-5 

10.3 

105.9 

142. 8 

17.8 

17.6 

^3 

Mature 

16 

14.4 

80. 4 

109. 6 

19-4 

x8. 1 

26 

Wa^ington, D. C. 








Old heart 

5. 3 

3. 1 

161. 0 




18 

Mature 

6. 7 

4 

08. 0 




56 

Old mature 

6. 9 

4. 2 

74 - S 









57 


i 3 ?^® iwits given are the averages taken from Tables I, II, and HI. 

• made in the field from June to August, incluuve, 19x3 

• The imlts given arc the averages taken from Table X. 

« Rcaduigs made dunng January, X9Z4» on potted plants about 8 wedcs old grown In the gfesnhouae. 
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Mature leaves from Colorado have approximately the same number of 
stomata per unit area as old mature leaves from Wisconsin, although the 
stomatal pore lengths are less in the former than in the latter. This 
would seem to be due in part to the fact that the stomata read in Colo- 
rado were not open as widely as those read in Wisconsin, and thus their 
maximum pore length would not be attained when observed. However, 
the stomata which were well open in Colorado often had a pore length 
equal to the average in Wisconsin. The Wisconsin records include the 
readings made only early in the season on one day under favorable 
environmental conditions when the stomata were generally wide open. 
On the other hand, the Colorado records include readings made on various 
days throughout the season and often under unfavorable environmental 
conditions when the stomata were only slightly open, and thus they 
exhibited a short pore length. In such a case the stomatal numbers 
offer a safer criterion of leaf maturity than the stomatal pore lengths. 

The number of stomata per unit area were also read on leaves from a 
normal mother beet plant growing in the field at Madison, Wis., on July 
30, 1914, and the results obtained were entirely comparable to those from 
the first-year beets, in that leaf maturity could be indicated by the same 
stomatal numbers. The increase in number of stomata from the oldest, 
or basal, leaves to tfeose occurring near the tips of the stalks, or the 
younger leaves, is shown in the following tabulation: 


Leneth of 
leaf. 

Width of 
leaf. 

Average 
number of 
stomata 
per square 
millimeter 
of upper leaf 
surface. 

Number of 
readings 

Cm. 

Cm 



20 

17 

107.9 

2 

9 

5 

121. 2 

3 

9 

5 

137 - S 

3 

6 

3-5 

187. 6 

3 

4-5 

2 

204. 2 

3 

3 

1-3 

240. 7 

! 

2 


LEAF MATURITY AND STOMATAL MOVEMENT 

Observations made at different times and on many plants have shown 
that the degree of stomatal movement is greatly influenced by leaf 
maturity. In the detailed tests reported, the readings of the stomatal 
pore widths on leaves of different maturities were made in the field at 
Madison, Wis., on a day when the sunlight was fairly strong and con- 
stant, the temperatures comparatively high, and the relative humidities 
above 60 per cent (fig, 1). This combination of factors was favorable 
for stomatal opening, as will be shown later under ** Environmental 
factors.” The leaves used in this t^t were the same as those from 
which the stomatal numbers and pore lengths have been given in Tables 
I, II, and III. 

22536®— 16 % 
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Fio. >x.*^toimata} pore widths on heart, mature, aisd old leaves and cotyledons ol the attiar beet 
in the field, togodter with temperatures and relative humidities taken amono ptaits at 
MSdison, Wis., on July 6, 19x4 (Table V). 
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The results (Table V and fig. i) show that the widths of the stomatal 
pores on cotyledons and mature leaves were greater than those on the 
heart leaves. In general, the stomata on the cotyledons and the lower 
surface of the mature leaves remained open throughout the day, while 
those on the heart leaves were entirely closed at 3 p. m. Those on the 
upper surface of the mature leaves showed a tendency to close from 
1 1 a. m. to 1 p. m., and then to reopen before their final closure at 6 p. m. 
Shreve (8) found the stomata of Parkinsonia microphylla to exhibit this 
same tendency, since they closed partly during midday and reopened 
again during the afternoon. The stomata on the old leaves exhibited 
only slight movement and that on the upper leaf surface from 9 to 1 1 
a. m. Readings were not made early enough in the day to determine 
the time of initial opening, but the curves indicate that the stomata on 
the heart leaves opened later than those on the mature leaves and 
cotyledons. This is shown in figure i, in that at 8 a. m. the stomatal 
pore width on the heart leaves was very much less than on the mature 
leaves and cotyledons, being not more than 2/Lt on the heart leaves as 
compared to about 9/1 on the others. On cotyledons the stomatal 
openings on the upper and the lower leaf surfaces remained quite com- 
parable throughout the day. On the mature and heart leaves, however, 
the stomata of the lower surfaces exceeded in width of pores those of the 
upper surface. This relation was found to occur almost constantly 
throughout the day. In all cases the stomata on the upper surfaces 
closed at about the same time as those on the lower surfaces. 

Tabl 9 V . — Effect of leaf maturity on average stomatal pore widths on the upper and 
lower leaf surfaces of the sugar beet. Readings^ were taken at Madison, Wis., on July 
6, IQ14. The number of readings made per leaf is given in parentheses following each 
average 
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This, then, would indicate that the stomata on old leaves exhibit very 
little movement; that those on heart leaves open, but not so widely as 
on mature leaves, and dose earlier; that on cotyledons and mature 
leaves they open widely, indicating their great activity. Therefore, in 
the study of the environmental factors influencing stomatal movement 
only mature leaves have been considered, since they were always avail- 
able and responded readily to changes in environment. They also rep- 
resent that portion of leaf growth which is most susceptible to infection 
by Cercospora beiicola. If it is true, as claimed by II jin (4) and others, 
that variation in the osmotic pressure of the guard cdls regulates stomatal 
movement, then it might be concluded that the leaves which exhibit the 
greatest stomatal movement are also the most active metabolically and 
are consequently the most important to plant devdopment. 

ENVIRONMENTAL FACTORS 

It is generally agreed by various investigators that the chief external 
factors influendng stomatal movement are light and temperature, while 
a difference of opinion exists as to the influence of rdative humidity. 
Some bdieve that humidity greatly affects the degree of stomatal open- 
ing, while others consider it of only minor importance. Wilson and 
Greenman (12) found that the stomata on plants of Melilotus alba which 
were left covered with a glass case, thus being in a nearly saturated 
atmosphere, were wdl open, while on those which were left standing in 
the drier open air the stomata were nearly all closed. Darwin (2) gave 
evidence to prove that stomata were very sensitive to changes in the 
humidity, closing on bdng taken from a high to a low humidity and 
opening under the reverse conditions when all the plants were exposed 
to approximately the same light. According to Lloyd (6) “there is a 
small amount of evidence that a high rdative humidity favors, as a con- 
dition, the wider openifig of the stomata in the ocotillo” and in regard 
to Mentha piperita^ also a desert plant, he condudes . .in these 
plants, tliat as long as wilting does not take place a low rdative humidity 
does not reduce the stomatal opening." 

As shown by the present study, the writers believe that, while light 
may be considered a fundamental factor in stomatal movement, yet. 
stomatal closure is effected by low rdative humidity, even though light 
is active. The relative humidity present at any time, together with an 
optimum temperature, has been found to be a good criterion of the 
amount of stomatal movement that may be possible under the existing 
conditions. 

In this study no attempt has been made to determine the exact rda- 
tipii of light to stomatal movement. Only a few scattered readings have 
been made to determine what effect direct sunlight has on stomatal 
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opening (Table VI), and the results agree, in general, with those ob- 
tained by Lloyd (6) with desert plants. When the entire leaf was ex- 
posed to sunshine, as when the leaf blade stood parallel to the sun's rays, 
the stomata showed the same or a greater pore opening on the lower than 
on the upper leaf surface (series A). This was also found to be true 
with leaves entirely in the shade (series B). When the sun struck ver- 
tically upon the leaf blade, an accelerating effect on stomatal opening 
usually resulted, regardless of which surface was exposed to the sun 
(series C and D). This is also in agreement with the work of Balls (i, 
p. 231), in which he found that the stomata on the cotton plant opened 
widely in the sunlight and closed partly in the shade. The leaves in 
series C, read on July 18, indicate a point noticed by Lloyd (7) that 
the stomata near the apex of a leaf might have less pore width than 
those near the base, “a condition readily understandable if wilting is 
progressive from the apex of the leaf downward." 


TablS VI. — Effect of sunshine and shade on the width of the stomatal pore opening of 
the sugar-beet plant at Rocky Ford, Colo., in IQ13 


SERIES A (entire rEAR IN SUN) 


Date. 1 

t 

Hour. 

Relative 

humidity. 

1 

Tempera- 

ture. 

Stomatal pore width. 

Upper surface 

Lower surface. 

i 



! 

i 


M 

M 

May 17 

7.15 a, m. 

! 58 

67 

1.8(3) 

1. 8 (4) 

Aug. 4 

7.30 a. m. 

: 1 

68 

6 (6) 

“ 7 - 8 ( 7 ) 

SERIES B (entire LEAF 

IN SHADE) 


1 

May 17 1 

7.15 a. m. 

58 

67 

0 (6) 


June 2 

7.45 a. m. 

100 

65 

. I - 5 (8) 

"6.3(8) 

June 3 

9.30 a, m. 

71 

69 

0 

0 

Aug. 4 

7.30 a, m. 

77 

68 

1-3 (7) 

4 - 7 (S) 


May 24 
May 26 
May 27 

July 18. 
Aug. 4 • 


SERIES c (upper leaf surface in sun; lower in shade) 


7.30 a. m. 

69 

68 



8 - 6 (s) 

1.45 p. m. 

51 

91 

9 - 4 (6 


7 - 6 ( 4 . 

8.00 a. m. 

62 

78 

4 . 5 (4 


0 (61 

9,00 a. m. 

91 

72 

1 ‘*7-*(3, 


“* 6. s (3) 

7.30 a. m. 

77 

1 

68 

1 

S- 7 ( 4 : 


0 ( 5 ) 


SERIES D (upper leaf SURFACE IN SHADE; LOWER IN SUN) 


May 19 

8.00 a. m. 



* 3-8(7) 

/ 10. 8 (6) 

May 24 

7.30 a. m. 

.69 

68 

2 - 5 ( 5 ) 

3 - 4 ( 5 ) 

May 26 

1.45 P- m- 

51 


6 . 5 ( 6 ) 

9 - 4 ( 5 ) 

May 27 

8.00 a. m. 

62 

78 

I. 0 (6) 

a 

7 - 4 ( 6 ) 


« Wet from dew. c Apex. «M(my closed. 

^ AU wide open. d Base. f All open. 
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temp^ratukij and relative humidity 

iThe determination of the effect of varied temperature and relative 
humidity on the opening of the stomatal pore of the sugar-beet plant 
was made under conditions which were somewhat under control. The 
plants used for study were first-year beets about 3 months old and of 
thrifty growth which had been grown in a deep soil bed in the green- 
house at Rocky Ford, Colo. A good root development was thus made 
possible, and normal leaf production had been accomplished. The 
leaves used for the readings were all mature and averaged about 14 cm. 
wide and 20 cm. long. Direct readings of the widths of the stomatal 
pores were made on plants both left free in the greenhouse and kept 
covered during the time of the experiment with a large glass humidity 
box (PI. LXXX, fig. 2) of about 20 cubic feet capacity. This box 
was five-sided and could be placed over plants in a manner comparable 
to the bell-jar method. Aeration was made possible by this means 
and room was also available for a hygrothermograph, so that constant- 
humidity and temperature records were available without any dis- 
turbance of the plants. Comparable hygrothermograph records were also 
kept among the leaves freely exposed in the greenhouse and both instru- 
ments were checked by means of a cog psychrometer (PL LXXX, 
fig. 2). Middle-blade portions of. different leaves were taken from all 
plants and stomatal readings made by the * 4 n situ’' method. The 
definite data of the experiments conducted on May 16, 17, and 20 and 
June 3 are given in Table VII and the graphic representations in figures 
2 to 5. 

Table VII. — Effect of varied Umperaiure and relative humidity on stomatal pore open- 
ing on sugat'^beet leaves at Rocky Ford, Colo., in IQXJ. Comparable readings were 
token in the greenhouse on plants covered by a large glass humidity box and on those 
Iff t freely exposed to ordinary greenhouse conditions 


In humidity box. 


In greenhouse. 


Date and time of 
reading. 


Tem- 

pera- 

ture. 


Rela- 

tive 

hu- 

midity. 


Average stomatal 
ixwe widtjis.o 


Uppe 

leaf 

surface. 


Lower 

leaf 

surface. 


Tem- 

pera- 

ture. 


Rela- 

tive 

hu- 

midity. 


Average stomatal 
pore widths." 


Upper 

leaf 

surface. 


Lower 

leaf 

surface. 


May i6* *> 

900 a.m. . 
X. 30 p.m.. 

4.15 p.m.. 
00 p.m.. 

May x?:® 

5.00 a. m. . 

9. 15 a.m. . 
g. 3 oa.m . 

<0^00 a.m . 

a. m. . 
&, 30 p.m.. 
^wep>m.. 


*JP. 

68 

9 a 

89 

7 * 

5 x 

60 

63 

73 

Bo 

79 

70 


Per ct. 
70 
46 
54 
79 

95 

«s 

63 

60 

74 




•F. 

77 
90 
93 
75 

5a 

67 

7 * 

78 
83 
80 
7 X 


Per d. 
43 
x6 
18 

84.5 

73*5 

58 

50 

38 

31 

38 

34 


z.S 
s. z 
5*4 

ti 

o 


o number of readiaga Is given in parantheses (oHowhig aach average. 

aun shone brightly ttnoughout the entire day. 

^ Theaun shone brightly HP to 4 p. au 
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TablF VII . — Effect of varied temperature and relative humidity on stomal poreopen^ 
ing on sugar-beet leaves at Rocky Ford, Colo., in jrp7j---Contmued 


Date and time of 
reading. 

In humidity box. 

In greenhouse. 

Tem- 

pera* 

ture. 

Rela- 

tive 

hu- 

midity. 

Average stomatal 
pore widths. 

Tem- 

pera- 

ture. 

Rela- 

tive 

hu- 

midity. 

Average stomatal 
5>ore widths. 

Upper 

leaf 

surface. 

Lower 

leaf 

surface. 

V 

surface. 

Lower 

leaf 

surface. 

May ao: a 

•F. 

Per ct. 

/* ^ 

M 

•F. 

Per ct. 



5. 00 a.ni 

so 

95 

0.3 W 

0.4 (13) 

51-5 

93 

0 (7) 

0-3 (9)^ 

6. 00 a. m 

51 

95 

•7 (8) 

X. 8 (9) 

52 

9 x 

0. 35 (ix) 


7.00 a. in 

53 

94 

•3 (7) 

1.6 Q 

54 

83 

. X4 (xo) 

. a8 (xo) 

8.00 a.ni 

56 

8S 

3 - 24 (7) 

S (6) 

6z 

6s 

a. 8 (6) 

X.4 (8) 

8. 30 a. m 

63 

76 

a. 16 (6) 

3.8 (6) 

63 

64 

a.x W 

a.x (7) 

9.00 a. jn 

64 

75 

5-7 (6) 

7-2 (5) 

6s 

59 

3*9 (6) 

4.3 ( 6 ) 

9. 30 a.in 

64 

75 

6. X (9) 

7-2 (9) 

6s 

59 

4*6 (7) 

3.8 (6) 

laao a-in 

6S 

66 

5-7 W 

5-7 

67 

S 3 

5 (6) 

7 -S (7) 

XX. 00 a. m 

68 

6S 

7. 2 (6) 

7. a (6) 

68 

57 

X.8 ^ 

x.4 (7) 

XI. 45 a. m 

71 

66 

7-2 (4) 

7-2 (4) 

72 

S 3 

a. X (6) 

0 (s) 

1. 30 p. xn 

75 

57 

9 (4) 

It (5) 

74 

45 

I'OS (5) 

x.o8(6) 

a. i5p.xn 

75 

58 

7. a (6) 

7*5 (5) 

74 

42 

3-3 (7) 

X.6 (6) 

a. 45 P*ni 

73 

57 

7-2 (5) 

7-2 (4) 

71 ! 

42 

3-6 (7) 

4.06 (6) 

3. 30 p. xn . 

74 

53 

5*7 (s) 

3-2 (s) 

72 

42 

x-S (s) 

0 (5) 

4.oop.xn. 

75 

S 3 

6.8 (s) 

6. 1 (6) 

74 

40 

2.1 (s) 

0 (s) 

June 3: 









7.45 a ni 

67 

xoo 

3*6 (3) 

4-3 (4) 

69 1 

69 

X. 8 (4) 

z. 08 (4) 

9. 00 a. xn ... 

70 

xoo 

6.3 (4) 

7 * 38 (4) 

67 

64 1 

2.5 (s) 

• in 

9. 30 a. xn . 

72 

xoo 

7 5 (4) 

7-3 (4) 

69 

71 

2.8 (4) 

0 (5) 

xo. 00 a. xn 

74 

xoo 

7-5 (4) 

7-4 (4) 

75 ’ 

68 

4-4 (S> 

2.5 is) 

10. 15 a. xn 

80 

zoo 

7-3 (4) 

7-3 (5) 

73 

75 

6. X (5) 

6. x is) 

xa 30 a. xn . . 

83 

100 

6.4 (4) 

5.8 (4) 

73 

67 

7-2 (4) 

6.8 (5) 

11.45 a. xn • •• 

93 

xoo 

9*3 (4) 

9*3 (3) 

79 

62 

4-5 (4) 

9.x <s) 

xa. 15 a.xn . 

94 

97 

7-8 (4) 

8.5 <4) 

82 i 

63 

9.4 (3), 

Ax (3) 

x.3op.xn 

96 

93 

7. oa (6) 

7-5 (5) 

80 

S6 

3.8 (10) 

2.7 (9)^ 

3. 00 p. xn ... . 

94 

95 

9.4 ( 6 ) 

9-4 (6) 

80 

58.5 

X. 6 (ix) 

2.3 (xa) 

3 3op. xn 

8S 

95 

7-8 (5) 

7.8 (4) 

75 ! 

57 

5.8 (6) 

0 (8) 

3.00 p.zn 

89 

zoo 

S-4 <6) 

6. 4 (6) 

75 1 

57 

0 (5) 

0 (5) 

3. 30 p. in 

75 

xoo 

5-4 (6) 

4-3 (5) 

75 

57 

0 (s) 

0 (6) 


a Intermittent clouds and sunshine up to 11.45 a. m., then bright sunshine until a. 25 p. m.; cloudy to 
3.30 p m , and then sunshine for the rest of the day. 


Usually the temperature in the humidity box was practically the same 
as that outside in the greenhouse at the same time. Although no definite 
study has been made to determine the temperature most favorable to 
stomatal movement, it is to be noted that good stomatal opening occurred 
between 8 a. m. and 5 p. m., and during that time the temperature 
increased, on the average, from about 65® to 85® F. and decreased to 
80® F. Only on June 3 was the temperature in the humidity box much 
higher than that outside in the greenhouse, and it appears that neither 
of these temperatures (96® in the humidity box and 80® in the green- 
house at 1.30 p. m.) produced a change in the degree of stomatal opening. 

On the other hand, the humidity in the two places was quite different, 
being always higher inside than outside of the humidity box. To this 
difference in humidity the marked variation in the pore opening of the 
stomata has been attributed. For example, on May 16 the humidity 
ranged about 30 units higher inside than outside of the box (fig. 2), 
and the stomata were well open in the former place and closed practically 
throughout the day in the latter. On the upper leaf surface in the 
greenhouse only slight opening occurred at 9 a. m. and this disappeared 
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by 1.30 p. m. During this time the relative humidity fell from 43 to 16 
while made the humidity box it ranged from 70 to 46 and the avemge 
width of the pores of the stomata' increased from 9 to The stomata 

on the upper leaf surface were also open wider and remained open longer 
than those on the lower, while all were closed by 7 p. m. These points 
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Fio. 9.-^tamatal pore widths on mature leaves kept under different relative humidities in a humidity 
bocc (H. B.) and free in the greenhouse (G. H.) at Rodcy Ford, Colo., on May x 6 , 19x3 (Table VII). 

seem to indicate that the relative humidity as supported by soil moisture, 
tremspixation, etc., must remain, in general, above a certain percentage 
in or 4 er that the maximum influence of light may be realized. Other- 
wise^ if the humidity is too low, the light factor becomes in some way 
operative, and the stomata open to a less ext^t and dose earlier. 
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In another test made on the following day, the humidity ranged from 
9 to 40 units higher inside the humidity box than in the greenhouse 
(fig* 3)1 and throughout the day the stomata were open wider in the 
former place than in the latter. At 5 a. m. all the stomata were closed 
except those on the lower leaf surface in the humidity box, which were 
slightly open. In general, the initial opening probably occurred soon 
after 5 a. ra., for at 7.15 a. m. the stomata were all open, those in the 
humidity box being open wider than those outside. This point opposes 
the theory that the stomata in the humidity box remain well open during 
midday on account of the less intense light due to the additional window- 



Fio. 3. — Stomatal pore 'widths on mature leaves kept under different relative humidities in a humidity 
box (H. B.) and free in the greenhouse (G. H.) at Rocky Ford, Colo., on May 17, 1913 (Table VII). 

glass covering, while during the same period, those outside the humidity 
box close as a reaction to the more intense unobstructed light. If this 
were true, then, the stomata in the humidity box would open later in*the 
day than those outside, because the light in the former place would be 
weaker. As a matter of fact, the stomata in the humidity box opened 
earlier and had greater pore width than those outside, even when thus 
exposed to the weaker light. The conclusion that may be drawn from 
this is that the relative humidity is the indicative factor of the causes 
which produce this difference. It should be noted that in the humidity 
box the humidity did not fall below 6o during the day, and the stomata 
were still open at 4.20 p. m., when the last reading for the day was made. 
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Outade in the {greenhouse the humidity ranged from 31 to 34 after 1 1 
a. ,m., and the stomata were entirely closed at 4.20 p. m. 

A comparison of the stomatal pore widths of the leaves in the green- 
house on May 16 with those in the same place on May 17 shows that on the 
former day the stomata were practically closed all day, while on the latter 
they opened early and remained fairly well open till after 2 p. m. The 
humidity on the two days was quite different, being appreciably higher 
on the 17th than on the i6th. This offers an explanation for the differ- 



Fio. 4.<~StoanAtal pore widdis oa mature leaves kept under different relative humidities in a humidity box 
(H. B.) and free in the greenhouse (G. H.) at Rocky Ford, Colo., on May ao, 1913 (Table VII). 

ence in stomatal pore opening, though, of course, conditions on the two 
separate days can not be compared too closely. 

In another test, made on May 20, the stomata in the humidity box again 
showed greater widths of pores than those outside in the greenhouse 
(fig* 4) and the humidity ranged about 10 units higher throughout the 
day in the former place than in the latter. The greatest difference in the 
stonlatal opening in the two places ocxairred after 11 a. m, when the 
stomata in the humidity box had much ^greater stomatal pore widths 
than Hmse outside. The humidity remained generally near or above 60 
in the while out^de it was, on the average, below 50* The initial 
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opening in both places occurred about 5 a. m., and in the humidity box 
the opening on the lower leaf surface exceeded that on the upper, this 
relation remaining uniform throughout the day. This tendency is also 
indicated in figure 3 in the greater stomatal opening of the lower over 
the upper leaf surface in the humidity box. These observations in gen- 
eral agree with the findings of other investigators. Darwin (2) found 
that the stomata on the lower surface often opened earlier and remained 
open longer than those on the upper, though this was not always true. 
He believed that the difference in the opening was due to illumination 
rather than to any inherent distinction between the stomata. Livingston 
and Estabrook (5) found in the study of the stomata on several different 



Pxo. 5. — Stcnnatal pore widths on xnature leaves kept tinder different relative humidities in a humidity bos 
(H. B ) and free in the greenhouse (G. H.) at Rocky Ford, Colo , on June 3, 19x3 (Table VII). 

kinds of plants that those on the upper surface open and close more 
rapidly and close more completely than those on the lower. Lloyd (7) 
observed with cotton that — 

The initial opening on September 30, 1911, occurred about 6.30 a. m., from which 
hour on a prc^ressive opening movement was followed, the stomata of the lower 
surfaces opening somewhat in advance of those of the upper, though some exceptions 
to this appear. 

Again, on June 3, after all the beds in the greenhouse had been watered 
on the preceding evening and the humidity box placed at that time over 
a portion of the plants for the test, the same general results were obtained, 
in that the stomata opened wider and remained open longer in the humid- 
ity box with higher humidity active for a longer period than in the green 
house (fig. 5). During this test the stomata in the greenhouse remained 
<^pen during midday till about 3 p. m., owing probably to the fact that 
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the humidity remained comparatively high — above 6o. A comparable 
difference is noted in the humidities and stomatal pore widths taken on 
this date and on May 20. After ii a. m. the humidity on June 3 was 
generally above 60 and the stomata had pore widths of more than 5 m 
until after i p. m., when the opening gradually decreased until closure 
occurred about 3 p. m. On May 20, after ii a. m., the humidity was 
generally slightly above 50 and the stomatal pore opening was reduced 
from 5/x at 10 a. m. to about 2^1 oX ii a. m., after which time it seldom 
exceeded this amount. 

A few readings were made in the field at various times during the season 
to get an indication of the stomatal movement under such conditions. 
On June 21 the stomata were found to be well open at 3 p. m. and later at 
a humidity of 60 or above (Table VIII). On June 23 the stomata were 
widely open from 8.30 to 10.40 a. m., evert though the humidity dropped 
to as low as 40 at lo.io a. m. The readings were not continued long 
enough to determine whether this low humidity would produce stomatal 
closure during midday. However, the readings taken on July 18 indicate 
* that at 2 p. m. the stomata had a smaller pore width than at any other 
reading during the day and at that time the lowest humidity (57.5) of the 
day occurred. Two readings were made at the same time in this field. 
The one made near the center of the field, where the plants were large and 
close together, showed the stomata to be open (8.7 upper, i .8 lower) at a 
humidity of 57.5, while the other made at the edge of the field, where the 
plants were small and far apart, showed the stomata to be closed at a 
humidity of 43.5. The maturity was determined to be the same for both 
sets of leaves used. In this case the soil-moisture content was noted to 
be much lower at the edge than in the center of the field, as the low 
humidity would indicate. 


Tables VIII . — Stomatal pore openings on leaves of sugar-beet plants growing in the field 
at Rocky Ford, Colo., in 1913, together with the temperature and relattve humidity records 
taken among the leaves at that time 
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Therefore, it may be concluded that if the relative humidity remains 
above 60 during the hours of daylight the stomata will probably be found 
open, while with a lower humidity the stomatal opening will decrease 
until it becomes greatly reduced and with still lower humidity the sto- 
mata may usually be found completely closed, or at least as nearly so as 
ever occurs. In an irrigated area especially, where the humidity is very 
largely controlled by the soil moisture, a high humidity may be directly 
due to a high soil-moisture content and would indicate increased plant 
activity. The beneficial effects of high humidity on increased plant 
growth is generally recognized. Wollny (13), who grew plants of bar- 
ley, vetch, alfalfa, flax, and potato under conditions giving three degrees 
of humidity, found that with an increase in the degree of humidity there 
was an increase in the production both of the absolute quantity of fresh 
material and of dry matter. On the other hand, low soil-moisture con- 
tent would greatly check such activities, and a low humidity, which would 
be associated with such a condition, would indicate marked differences in 
stomatal movement. Thus, it appears that a low humidity with its as- 
sociated causes and effects results in diminished stomatal movement, and 
then the existing percentage of relative humidity becomes an important 
and convenient index to stomatal activities. 

FACTORS INFLUENCING INFECTION 

A consideration of the factors additional to, and somewhat preliminary 
to, stomatal movement that have been found to influence infection in- 
cludes some of the conditions that affect both parasite and host in this 
relation. The effect that media, light, and temperature have on the 
rapidity of germ-tube growth becomes important in the relation that the 
fungus bears to leaf penetration. On the other hand, the maturity of 
the leaf, which controls stomatal mobility, plays a comparable part in this 
interrelation. 

RAPIDITY OF GERM-TUBE GROWTH 

No difference has been found to exist in the effect that north light and 
darkness have on the rapidity of germ-tube growth at a constant tem- 
perature. From the data given in Table IX it appears that all conidia 
germinated and had approximately the same average germ-tube lengths, 
together with a comparable average number of germinating cells per 
spore, regardless of the light factor. Consequently, under field condi- 
tions conidial germination would be expected to proceed equally fast 
under night or day conditions, except in direct sunlight, where the heat 
factor becomes important in causing rapid evaporation. 
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Tabl9 Ui.'^Effecl cf light and medium on the germination of conidia of Cercosparu 
beiicolat at a temperature of 24^ C., on August 12, igiSt at Rocky Fata, Coh. 


Enviroiuxient. 

Number 
of hours 1 
of growth.! 

Average 
percent- 
ajre of 
genninat- 
ing 

conidia. 

Average 
number 
of cells 
per co- 
nidium. 

Average 
number 
of germi- 
nating 
cells per 
conidtum. 

Average 
length of 
ferminat- 
ing tube. 

Distilled water, north light 

6 X 

100 


a. 47 

43.28 

Distilled water, dark room 

8 

100 


2 , 4 

41. XI 

56.31 

Distilled water, north light 

100 

9.42 

4. 14 

Distilled water, dark room 

S'/i 

100 

8.69 

3-46 

65.77 

Bean decoction, north light 

9 

100 

I 9-44 

3- 33 

55.48 

Irrigation water, north light 

Soil decoction, north light 

9 H 

100 

1 10. 16 

3-83 

91.69 

10 

100 

6 

3-00 

98.42 


Germination also occurred equally well in distilled water, bean decoc- 
tion, soil decoction, and irrigation water, showing that a nutrient medium 
did not hasten germination nor did it retard it. It is also to be noted 
that the conidia were incubated nearly twice as long in soil decoction as 
in distilled water, which would account for the longer germ tubes in the 
^oil decoction. In both solutions 100 per cent of the conidia germinated* 
The condensed moisture that may be found on leaves then would seem 
to give a favorable medium for conidial germination and that germ- 
tube growth could take place rapidly in it. It has been found that 
only a short time is necessary for germination to take place, since newly 
formed conidia may begin to germinate in three hours after being placed 
in water cultures at 26^ C. The germinating tubes from such conidia 
may increase 5 m in length in 40 minutes. 

The effect of high temperatures on conidia! germination is not con- 
sidered in this discussion. However, in another phase ^ of the study of 
the sugar-beet leafspot, it has been determined that a period of days with 
extreme high night (70® F.) and day (104® F.) temperatures together 
with low relative humidity, a condition that may occur at times in an 
irrigated region, is inimical to the life of the conidia. This factor then 
becomes of importance in considering ponidial growth and development 
under natural environment. 


LEAF MATURITY 

Near the middle of the summer or later, in a sugar-beet field infected 
generally with leafspot, the individual plant presents a typical picture of 
the disease. A cluster of uninfected heart and slightly infected young 
mature leaves occurs at the center of the plant, while all other leaves 
on the same plant are heavily infected. A comparison was made of the 
stomata on such heart and young nature leaves, or the oldest uninfected 
and the youngest infected leaves, on each of several plants. The study 

^TbeUveittial r^tioAi of the ftm^uB will be discuseed in eJater tmper entitled Rektion of elimnUc 
eondaip^lo ialectkio by Ceroo^poim betieola,** 
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was carried on in August, 1913, near Rocky Ford, Colo., and the read- 
ings of the two types of leaves from the same plant were made near 
together so that all time factors might, so far as possible, be eliminated. 
The results show that on the average the number of stomata is less and 
their pore length is greater (Table X) on the infected leaves than on the 
uninfected, showing the greater maturity of the former. Some varia- 
tions in these numbers occur, but it is to be noted that the four infected 
leaves with the greatest number of spots present have, on the average, 
fewer stomata per square millimeter of leaf surface and a greater stomatal 
pore length than the four infected leaves with the least number of spots. 

TabliJ X . — Comparative average maturity of Cercospora beticola infected {young mature) 
and uninfected leaves {heart) of the sugar-beet plant as shown by the number and pore 
length of the stomata. Readings ^ taken on August 5 to ll, IQlSt at Rocky Ford^ Colo. 


infected young mature leaves® 


Size of leaf. 

Leaf No. 

Lcneth. Width. 


Cm. Cm. 

1 17-5 12*5 

2 17 12.5 

3 9-5 9 

4 14* 5 10 

5 10 7' S 

6 10, 5 9 

7 15 10-5 

8 II. 5 12 

9 15 12.5 

10 10. s 8. 5 

11 13-5 9-5 


Average. 13. i 10.3 


Avcrajte number of Average stomatal pore 

stomau. lengths. Number 

of leaf- 

spots 

Upper leaf lower leaf Upper leaf lower leaf per leaf, 
surface. surface. surface. surface. 


98. 4 (3) 123 

68.06(3^ 106. 6 

95. I (3) III. 5 
102.5(4) 127.9 

106. 6 (3 ) 155. 8 

110.7(2) 139.4 

77.9(2) 123 

114.8(2) 137.3 

118. 9 (2) 164 

114,8(2) 172.2 

133 - 9 (3) 1S3- 1 

103. 8 140. 3 




UNINFECTED HEART LEAVES® 
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The averages for the eight leaves mentioned are: 


Leaf No. 

A 

Size of leaves. 

Number of stomata. 

Length of stomatal | 
pores. 

Number 
of leaf- 

Length. 

I Width. 

Upper. 

Lower. 

Upper. 

Lower. 

apots. 

s to 4 

Cm. 

14.6 

12.6 

Cm. 

II 

130 . 6 

117. 2 
164. 1 

1 

Cm. 

16. 7 

Cm. 

19 

16. 2 

20 

Sto II 

10.6 

2 





It is also to be noted that infected leaf ii, which had only one spot, 
had the shortest average stomatal pore lengths (except leaf 9) and the 
highest number of stomata per area of any of the infected leaves studied. 
From these figures it would further appear that of all the uninfected 
leaves studied, only leaf i would have a stomatal count and pore length 
that would indicate leaf susceptibility. It might be concluded that this 
leaf remained uninfected merely by chance and that the others were 
uninfected because they had not as yet reached the maturity which would 
alloyy^ infection to occur. 

Detailed field observations made of the amount of infection that ap- 
peared on the different leaves of many sugar-beet plants during an entire 
season have again shown that the greatest number of leafspots developed 
on the mature leaves. The records from one plant are shown in Table 
XI. The leaves were tagged and numbered consecutively, beginning with 
the outermost, or oldtet, so that the new leaves tagged on all days 
after the first one were heart leaves. As these grew older they became 
susceptible to leafspot, and with increased maturity usually became 
heavily infected, and finally the death of the leaf occurred. Those leaves, 
whose numbers are in italic, on the last date reported were killed by the 
fungus. From 400 to 1,000 spots were sufficient to kill a leaf, depending 
on its size, in a few days. While the death of many of the leaves not 
reported as killed by Cercospora beticola was no doubt hastened by the 
presence of the fungus, yet age and other factors were predominating 
causes of the death of the leaf. 

The results obtained show that, as a rule, infection did not take place 
readily on old yellow leaves, but occurred most readily on active green 
leaves. It is true that there was often a large increase in the number 
of spots present on the leaves during the few days just previous to the 
death of the leaf, as is shown by leaves 21, 24, 25, 27, 35, and others on 
this one plant (Table XI), but such leaves were not normally old. They 
were no doubt green and quite active when infection took place and 
merely died prematurely and very suddenly as a result of the great 
nui^ber of spots product. 




I leaf No. 
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Table XI . — Number of leaf spots present on different leaves of varying maturity on one 
sugar-beet plant in a medium-early field from June 24 to Sept, ig^ igij, at Rocky Ford, 
Colo, 
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leaves were killed by the fungus, the plants were forced to produce more 
new leaves in an effort to keep up their normal activities. Under such 
conditions the new leaves formed, appeared to mature earlier than usual, 
and never became as large as normal. Thus, they became susceptible 
to infection by Cercospora beticola quite early in their development, 
and often became infected while comparatively small. 

This difference in the susceptibility of the different leaves is shown 
in a general way in Table XI by the diagonal grouping of the three types 
of leaves — ^namely, the very young, the mature, and the old. The upper 
diagonal indicates either no increase in spots on the old leaves, or a slight 
increase on those which were still somewhat active. The lower diagonal 
indicates the very young leaves on which there occurred few or no spots, 
while the middle section represents the mature, active leaves of the plant 
on which the greatest increase in infections took place. A great increase 
in the number of infections developed on either the same leaf (reading 
to the right) or on the entire plant (reading diagonally) as the season 
advanced. 

The mature leaves therefore show the greatest susceptibility to leafspot 
infection and possess the characters which allow the freest penetration 
of the host tissue by the fungus. Such leaves, as previously shown, have 
on the average a stomatal count on the upper surface of approximately 
loo per square millimeter with a stomatal pore length of and exhibit 
the greatest stomatal movement. Thus, the greatest susceptibility 
to infection becomes concomitant with the greatest stomatal movement, 
for they both occur on the leaves of the same degree of maturity. 

STOMATAI^ MOVEMENT AND GERM-TUBE PENETRATION 

It may then be concluded that a favorable daily temperature (70® to 
90® F.), combined with a relative humidity which does not fall below 60 
at any time, together with daylight, will offer conditions under which 
the stomata on the mature leaves should remain open throughout the 
day. This condition of the host associated with favorable growth 
factors for the. parasite would usually allow germ-tube penetration and 
leafspot development. 

With these factors active in producing stomatal opening, detailed 
studies were made of germ-tube penetration from material that had 
been collected in the field during controlled tests. For these experiments 
newly fonned conidia from recently developed leaf spots were sprayed 
on mature sugar-beet leaves about 7 p. m. After an incubation period 
of II days numerous typical leaf spots appeared. Portions of these 
leaves were taken 24, 36, 48, 60, and 72 hours after inoculation, killed 
and stmned according to modifications * of the method given by Vaughan 

> T1iC5« modifications were suggested by Miss Pearl M. Smith, of the Botany Department of the Univer* 
sity of Wisconsin. After the acetic aloohid had acted for za to 34 hours* the material was washed Im fi to 8 
hoursin 95 Po* cent alcohol, stained in Pianese’s stain oremight, and destained with add alcohol until the 
kaftissuebecanteadearred, or even pink in places. The material was washed In 91 per cent alcohol until 
the add was removed and mounts made in Suparal. Balsam, as a mounting medhtm in these studies, 
was not found to give a good differentiation between the stomata and the penetrating fuagoiissayodittm. 
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(ii). An examination of several hundred slides prepared at different 
times by this method from inoculated leaves has shown that conidia may 
germinate, produce long germinating tubes and yet not penetrate closed 
stomata (fig. 6). On the other hand, wherever penetration was found 
to occur, the stomata were open, and although it has long been known 
that this organism gains an entrance th/ough the stomata, this point 
has never been mentioned. Thiimen (9, p. 50-54) seems to have been 



Pio. 6.~^ercospora heticota: CotUdis genninating on a sugar-beet leaf, but germ tubes not entering or being 
greatly attracted by closed stomata. 


the first to state that a spore which is carried by some means to a green 
and yet not too old, and thereby hardened, beet leaf, is able to germinate 
in the shortest time, penetrate into a stoma, and form a number of hyphae. 
Fre||||^ (3) also agrees with this observation, adding that it is character- 
istic that the tufts of conidiophores grow out of the stomata. However, 
no mention seems to be made of the stomatal movement necessary for 
host penetration. 
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As soon as penetration of the stoma was gained by the germ tube, 
a marked change was noted to take place in the character of the fungous 
growth produced, as indicated by different staining qualities. The co- 
nidium and the slender germ tube external to the spore opening stained 
lightly, while the cells in the pore opening or beneath the stoma stained 
much more deeply and were comparatively large and round (PI. LXXXI, 

A, S, F). It was only rarely observed that penetration into two different 
stomata took place by germ tubes from one conidium (PI. LXXXI, 

B, b). In the case observed, the two stomata were near each other and 
slight germ-tube growth was sufficient for the penetration of both. As a 
rule, however, only one germinating tube from a conidium has been found 
to penetrate the host tissue, although it is known that, if this tube does 
not penetrate before its desiccation takes place, another cell of the 
conidium may germinate later before the entire conidium loses its via- 
bility and penetration might again be possible, ^t times the pore wall 
of a guard cell may be penetrated and the growth gradually spread to the 
adjoining epidermal cells (PI. LXXXI, F, c). I Normally, however, the 
germ tubes grow through the pore opening, probably receiving some 
stimulus from the guard cells and form round, heavily staining mycelial 
cells which pile up directly in the air chamber below the pore opening. 
The fungus then grows toward the parenchyma cells (PI. LXXXI, C, d) 
and flatten out against their walls, probably for nutritive purposes. 
At times, without further development within the host, the fungus grows 
back out through the stoma and produces conidiophores (PI. LXXXI, 
D, e). In such a case new conidia might be produced before an extensive 
area of the host tissue had been killed. Usually, however, the fungus 
grows farther into the host before conidia are formed. It probably is 
true, as first suggested by Uzel (lo), that the fungus causes asphyxiation 
and consequent collapse of the parenchyma cells, since only a slight 
intercellular growth of the fungus occurs. An attempt by the host cells 
to isolate the invading organism is seen in the massing of heavily staining 
substances (PI. LXXXI F, f) in the parenchyma cells which adjoin the 
air chamber. Under certain conditions this isolation probably is accom- 
plished and the host cells then remain turgid and normal. Where this 
can not be done, the cells surrounding the fungous mycelium collapse 
(PI. LXXXI, G), the mycelium gradually produces tufts of conid- 
iophores, and the characteristic leafspot is formed. The host under 
normal growth conditions is able to isolate this infected area, though as 
a result of severe, abundant infections, entire leaves may be covered 
with the conidiophore tufts of the fungus. 

It then appears that there is no attractive force existing between the 
dosed stomata and the conidial germ tubes of the fungus, and ala|||phat 
the latter do not possess enz5miic power to directly penetrate the epi- 
dermal cells. However, with open stomata germ-tube penetration may 
occur, even though some length must be attained before the tube can 



Feb. aS, X9 x6 


1037 


Relation of Stomaial Movement to Infection 

reach the pore opening. The reaction upon penetration induces a great 
change in the type of fungous growth, the fungous cells becoming large 
and round. It is to be* concluded that since growth continues imme- 
diately in the air chamber below the stomata, the stumatal function 
of gaseous interchange is needed for the development of the mycdium 
in the host, as well as a force for initial penetration. It seems evident, 
therefore, that since germ-tube penetration may occur only when the 
stomata are open, and since stomatal movement is directly related to 
daylight hours, infection takes place only at this time. 

SUMMARY 

The study of the relation of stomatal movement to infection of the 
sugar-beet plant by Cercospora beticola Sacc. has revealed that certain 
morphological and environmental factors influence stomatal activity, and, 
in turn, the latter, together with a favorable growth of the fungus, influ- 
ences infection. 

Leaf maturity, light, temperature, and relative humidity are factors 
concerned with stomatal movement. 

Leaf maturity may be determined by two characters which for any 
given stage have been found to remain uniform — ^i. e., the number of 
stomata present per square millimeter of leaf surface, and the length of 
the stomatal pore. These characters, taken together, give a good indi- 
cation of leaf maturity, regardless of leaf size or position on the plant 
Leaf maturity has a direct relation to stomatal activity in that move- 
ment is greater on mature than on young leaves, while on old leaves 
only very slight movement has been observed. 

Light is probably one of the fundamental environmental factors that 
influence stomatal movement, and while direct sunlight may have an 
accelerating action, it is not essential for stomatal opening, since stomata 
may open widely in the shade. 

Good stomatal opening has been obtained at temperatures ranging 
from 70° to 90° F. With these optimum temperatures active, relative 
humidity, with its associated causes and their effects, greatly influences 
stomatal movement, A high humidity favors stomatal opening, while a 
low humidity is associated with closure of the stomata. If the humidity 
remains above 60 through the day hours, the stomata will probably 
remain well open; but if it falls much below 50, stomatal closure will 
probably result. 

Some of the factors influencing infection of beet leaves by C. beticola 
are rapidity of germ-tube growth, maturity of the leaves, and stomatal 
rndjUpent. 

I^^h viable conidia of C. beticola germinate equally well and grow 
rapidly in distilled water, soil decoction, irrigation water, and bean 
decoction, in either darkness or diffused light at 24° C. 
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Infection, both artificial and natural, occurs best on mature leaves, 
and this is associated with the movement of the stomata. 

Penetration of the leaf by the conidial germ tubes of C. beiicola has 
been observed to occur only through open stomata, and consequently 
infection probably takes place during the day hours. An isolation of 
the invading organism is attempted by the leaf cells as soon as penetra- 
tion occurs, but when this is not successful, the fungus by further growth 
produces a well-defined leafspot. 
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PLATE LXXX 

Fig. I. — Stomatoscope designed by Dr. F. E. Lloyd and used for a part of these 
studies. 

Fig. 2. — ^Humidity box in place over plants in the greenhouse for maintaining dif- 
ferent relative humidities. Also a cog psychrometer used for checking hygrothermo- 
graphs kept among the sugai^vbeet plants. 
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PLATE LXXXI 
Cercospora belicola Sacc: 

Fig. I. — Conidia germinating on a sugar-beet leaf, with germ tubes entering open 
stomata. A , a, conidium; h, germ tube. B, a, conidium; b, b, two germ tubes pene- 
trating two stomata. C, c, host mycelium below stoma in air chamber and forming a 
haustorium against a palisade parenchyma cell (d) represented with their chloroplasts 
by dotted lines. D, c, host mycelium in air chamber; d, parenchyma cells; e, exit of 
conidiophores. E, c, host mycelium; d, parenchyma cells;/, heavily staining host 
substance probably secreted for isolation purposes. F, a, conidium; b, germ tube; 
c, host mycelium in guard cell and epidermal cell . Gy c, host mycelium or sclerotium ; 
dy collapsed parenchyma cells; e, conidiophores;/, heavily staining host substance. 
(Camera-lucida drawings.) 
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A METHOD OF CORRECTING FOR SOIL HETERO- 
GENEITY IN VARIETY TESTS ^ 

By Frank M. Surracb and Raymond Pbari,, 

Biologists, Maine Agricultural Experiment Station 

Men with practical experience in conducting variety tests and fertilizer 
experiments are free to admit that in many cases the results of ordinary 
field trials are of little or n6 value. The reason for this lies in the large 
number of factors which are beyond the control of the experimenter. 
In many instances variation in any one of these uncontrollable factors 
may influence the final results to a greater extent than the one controlled 
variable for which the experiment was undertaken. 

On the other hand, field trials and variety tests play an important 
part in agricultural investigations. Such tests are an indispensable 
adjimct to plant-breeding work. The final test of new varieties or new 
strains must be made under field conditions. It is therefore of the 
greatest importance that methods should be devised which will in some 
measure at least take account of these uncontrollable factors. 

No one of these factors is of more importance than the variation in 
the soil in different plots. It is practically impossible to secure for such 
field trials a tract of land that is absolutely uniform. The literature of 
variety tests abounds in illustrations of this fact. 

In 1897 Larsen (8),^ on the basis of results with timothy, reached the 
conclusion that more exact results were obtained where a given area 
was divided into a large number of plots than when it was divided into 
a few larger ones. 

Holtsmark and Larsen (7) extended this idea and supplied additional 
evidence. Hall (i) in 1909 and Mercer and Hall (9) and Hall and Russell 
(2) in 1 91 1 laid great emphasis upon soil heterogeneity in field tests. 
Among other things they did much to determine the most suitable sizes 
for experimental plots. 

Montgomery (10, ii) has produced evidence showing that systematic 
repetition of plots over a given area reduces the variability in proportion 
to the number of repetitions; further, that while increase in the size of 
a plot decreases the variability up to a certain limit, a further increase 
in size is not attended by a corresponding decrease in variability. 

As a result of these several investigations, it has become evident that 
much more reliable results are obtained by using several systematically 
repeated small plots than by using a single large one. This method is 
rapidly coming into more general use in field tests of all kinds. Never- 

* Papers from the Biolosical I«aboratory of the Maine Acricultural Experiment Station. No. 93. 

’Reference is made by number to “ Literature cited,"* p. 1050. 
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theless, where for various reasons it is impossible to make a large number 
(lo to 20) of repetitions, the factor of soil heterogeneity still enters into 
the average yield. One or two exceptionally high or exceptionally low 
yields will unduly influence the average where the number of repetitions 
is only four or five. 

In a series of papers Harris (3, 4, 5, 6) has called attention to various 
phases of the experimental error in field tests. In his most recent paper 
on this subject Harris (6) has proposed a method of measuring the hete- 
rogeneity of the soil of a field. The principle employed by Harris is 
stated thus (432-433) : 

If the irregularities in the experimental field are so large as to influence the yield 
of areas larger than single plots, they will tend to bring about a similarity of adjoin- 
ing plots, some groups tending to yield higher than the average, others lower. 

This tendency to grouping of the high- and low-yielding plots is evi- 
dent in most field experiments. It is clearly shown in the diagrams pub- 
lished by Montgomery (10). 

The measure which Harris proposes for this heterogeneity (or homo- 
geneity) of a field is the correlation between the yield of the ultimate 
small plots and the yield of various groups of contiguous plots. The 
more nearly this correlation approaches zero the more homogeneous the 
field. The more differentiated a given field is in regard to good and 
poor soil, the greater will be the value of the correlation coefficient. 

This method of measuring the heterogeneity of a field is dependent 
somewhat upon the size of the ultimate plots and also upon the method 
of grouping. It does, however, mark a distinct advance in our method 
of dealing with small plot experiments. 

While Harris’s method provides a measure of the substratum hetero- 
geneity in a given field, it does not provide any means of obtaining a cor- 
rective term for individual plots. While in field experiments it is of 
importance to know the amount of heterogeneity in the field as a whole, 
it is usually of much more importance to obtain some correction to 
apply to individual plots which will in some measure even up the 
differences in soil conditions. 

The present paper is the result of an attempt to obtain such a correc- 
tive term. It is realized that the method proposed is far from ideal. 
It is believed, however, that it marks a step in this direction, and it is 
hoped that it may lead to further study of this important question. 

The usual method of taking account of soil heterogeneity is the use of 
check plots. However, in very many cases this method has been far from 
satisfactory. It is not at all difficult to find examples in the literature 
of variety tests in which the amount of variation in the check plots is 
nearly or quite as great as the variation in the other varieties.^ If check 

1 Davenport, Eugene, and Eraser, W. J. Experiments with wheat, 1888-9895. Experiments with oats, 
Z888-1895. ni. Agr. Exp. Sta. Bui. 41. p. X47-Z60. 1896. 

Noll, C. E. Tests of varieties of wheat. Penn. Agr. Exp. Sta. Bui. xas, p. 43-58. 19x3. 
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plots are repeated at sufficiently frequent intervals, they will undoubtedly 
be a great aid in determining the correction for soil differences. How- 
ever, where field tests of this kind are carried out on even a moderate 
scale, the use of check plots adds very materially to the labor and expense 
of the experiment. For example, in 1914 we grew 150 one-fortieth acre 
plots. From a study of the field it seems clear that any adequate system 
of checks would have required i check plot to every 5, or about 30 
additional plots. The labor involved in handling these would have been 
considerable; and judging from the literature on the subject, the value 
of the results might still be very doubtful. 

For several years this Station has been carrying on variety tests of oats. 
The object of these tests is to obtain some measure of the productiveness 
of new strains or varieties produced in the plant-breeding work. These 
new strains are always tested along with a number of standard com- 
mercial varieties. The method adopted in this work (13) is to grow four 
systematically repeated plots of each variety. The size of each plot is 
33 feet square, or one-fortieth of an acre. The four plots thus make a 
total of one-tenth of an acre devoted to each variety. These plots have 
always been grown on a more or less rectangular piece of ground. (See 
fig. 4.) The fields for these tests have been chosen for their apparent 
uniforaiity. However, the resulting yields have always indicated that 
certain portions of the field were much better or worse in respect to soil 
fertility than the average of the field as a whole. In certain cases two 
or more of the four plots of a variety come to lie, say, in certain of these 
more fertile spots. This tends to produce an unduly high average for 
that variety. 

In order to obtain a correcting value for these different soil conditions, 
it occurred to us to determine first the probable yield of each plot by the 
contingency method. This may be done as follows: Take a theoretical 

field divided into plots as in figure i. Let a, h, c 1 represent the 

observed yields of the respective plots, of which the mean yield is p. 
Then, assuming all plots to be planted with the same variety and con- 
ditions other than the soil to be uniform, we can obtain the most probable 
yield of, say, plot a by multiplying the sum oc by the sum aj and dividing 
by the total al. Proceeding in this way for each plot, we can obtain a 
calculated yield a', 6', c' V for each plot. The mean of these cal- 

culated yields will be the same as the mean of the observed yield — ^viz, />. 

It is clear that these so-called calculated yields correspond to what 
Pearson (12) in his work on contingency has designated or the 

value for each square on the hypothesis of independent probability. 
The difference between the observed and calculated yields would then 
correspond to what Pearson calls a subcontingency 

The '‘calculated” yields obtained by this contingency method repre- 
sent the most probable yields of the respective plots based on the distri- 
bution of the observed yields. This method of estimating the probable 
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yield takes into account the soil differences in both directions across the 
field. To a certain extent it is dependent upon the assumption that the 
soil changes in a uniform manner from one side of the field to the other. 
Harris (6) has pointed out that this is not always the case, but that the 
diagrams of experimental fields indicate that differences in soil are more 
likely to occur as a spotting of the field. However, a closer study of the 
observed )H[elds in many experimental fields indicates that theie is a 
tendency for areas of good soil (high yield) to grade off through areas of 
medium soil to regions of poor soil. Ordinarily, the changes from one 
extreme to the other are not abrupt (see fig. 3, 4). The diagrams 
published by Montgoniery (10) indicate this to some extent, although 
such diagrams do not show the graded changes as well as a study of the 
actual yields of contiguous plots. 


a 

b 
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Flo. X. — Diagram illustrating the method of obtaining the ** cal- 
culated ’ * yield. (For explanation, see text. ) 

Ftirther, if the distribution of the high and low “calculated” }rields in 
figures 2 and 3 are compared with the high and low observed yields, it 
will be seen that the former show approximately the same “spotting” 
as the latter. This method does tend to lessen the variability and to 
smooth the results. While it is not ideal and does not obviate all the 
difiKculties, it seems possible that this method may prove useful in 
estimating soil differences. 

For cases like Montgomery’s wheat experiment (xo) or Mercer and 
Hall’s field trials (9), where there are a number of plots all planted 
with the same variety, the contingency calculated yields may be used 
directly. For such experiments these calculated yields represent a 
smoothing of the original observations. In the case of field trials or 
variety tests, where different plots have different treatments or are 
planted with different varieties, suclr a smoothing tends to mask the 
actual differences between the plots. In such cases a further procedure 
is necessary. 
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In the case of a variety test the yield calculated by this contingency 
method may be regarded as the most probable yield of any given plot 
if we suppose the whole field had been planted with a single variety whose 
average yield was the same as the observed average of all the plots. 
The deviation of the calculated yield of a given plot from the mean of 
the field may be taken as a measure of the influence of the soil of that 
plot as compared with the whole field. Thus, if the calculated yield 
of a given plot is lo bushels above the average of the field, it may be 
taken to mean that the soil on this plot is capable of producing lo bushels 
more grain than the soil on the field as a whole. 

This figure may be used to correct the observed 5deld of the corre- 
sponding plot. Thus, if the observed yield in a given plot is 8o bushels 
and the calculated yield is 5 bushels above the average of all the plots, 
then to make the yield of this plot comparable with the average of the 
field it would be necessary to reduce the observed yield by 5 bushels. 
Thus, we may obtain for this plot a “corrected'' jdeld of 75 bushels. 

Likewise, where the calculated yield is below the average, it is necessary 
to add a corresponding amotmt to the observed yield in order to take 
account of the deficiency in the soil of that plot. 

Expressed in a formula, we may let O equal the observed yield and D 
the deviation of the calculated yield from the mean of the field. Then the 

“corrected" yield~0— D 

In fields where there are comparatively small differences between the 
yield of individual plots the direct method of correcting the yield as 
given above may be used. The corrected yields given in figures 2 and 3 
were obtained by this direct method. 

In the case of variety tests or experiments where there are likely to be 
marked differences between individual plots, it will be better to make 
corrections on a relative rather than an absolute basis. To do this, the 
deviation of the calculated yield from the mean of the field is deter- 
mined as before. Next the percentage which each deviation is of the 
mean is determined. Then this percentage of the observed yield is 
added to, or subtracted from, the observed yield to obtain the corrected 
3deld, An example will make this clear. Suppose the mean yield of the 
plots in a field is 70 bushels. The observed yield on a given plot is 80 
bushels and the calculated >deld of this plot is 77 bushels. Thus, the 
deviation of the calculated 3deld from the mean is + 7 bushels, which is 
10 per cent of the mean (70 bushels). The corrected yield will then be 
10 per cent less than the observed; or 10 per cent of 80 equals 8 bushels. 
The resulting corrected yield will be 72 bushels. By the absolute method 
the corrected yield would have been 73 bushels. The corrected yields 
given in figure 4 and Table I have been obtained by this method. 
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It is next of importance to see whether this “corrected” )deld has 
really obviated any of the difficulties. To test this, use may be made 
of the criterion of soil homogeneity proposed by Harris (6). This can 
best be tested upon such data as those furnished by the experimental 
fields of Montgomery (ii) or Mercer and Hall (9). 

Figure 2 is a diagram taken from Montgomery (ii). It represents a 
field of Turkey wheat grown in 1908-9. This field was divided into 224 
blocks (each 5.5 feet square), as indicated. The grain from each block 
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Fzg. a.—Diagram showing the observed and corrected yield (in grams) of grain on each of Montgomery’s 
wheat plots in 1908-9. Hie upper figure in each plot is the observed yield and the lower the corrected. 


was threshed and weighed separately. The upper figure in each square 
is the observed yield of grain in grams. The lower figure is the cor- 
rected yield obtained by the method outlined above. The mean }deld 
of these plots is taken as 68i gm. 

Figure 3 represents the combination plots obtained by grouping the 
plots in figure 2 in groups of four— i. e., a two- by two- fold grouping. 
In this figure the upper number in each plot is the observed yield, the lower 
number the corrected yield, while the middle number is the “calculated” 
yield. This latter is inserted to illustrate the method of obtaining the 
corrected }deld. The mean 3deld of these grouped plots is taken as 
2,723 gm. 
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Now, if we calculate the correlation between the observed 3deld of the 
ultimate plots and the observed yield of the combination plots it is 
found that 

+o.358±o.o39 

This shows a fairly large coefficient of correlation, indicating a rela- 
tively large heterogeneity in the soil of this field. 

If we calculate the correlation between the corrected 3delds of the 
ultimate plots and the corrected yields of the combination plots it is 
found that 

f== -l-o.iii ±0.045 

This coefficient is less than three times its probable error and is hardly 
to be regarded as significantly greater than o. In any case it indicates 
that this method of correcting the yields has practically, if not quite, 
eliminated the influence of differences in soil of different plots. 
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Fig. 3. — Diasram showing the observed, corrected, and calculated yield (in grams) of Montgomery’s 
wheat plots in groups of four, taken from figure a. 

Similar coefficients have been calculated for other fields with corre- 
sponding results. 

It will next be of interest to test this method in the case of an actual 
variety test. This has been done in the case of all of our own variety 
test fields. The results will be published in another place in connection 
with a discussion of some pure-line oat varieties. In order to furnish 
an example of the use of this method in a variety test, the results of our 
1915 test of oat varieties are given below. 

Figure 4 represents a diagram of the 1915 plots of oats at the Highmoor 
Farm (Monmouth, Me.). In the upper left-hand comer of each square is 
the plot number as it occurs in our records. Immediately below this is the 
name of the variety. In the case of the pure-line varieties these are 
22585®-.16 i 
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indicated by our own record number — ^for example, as Maine 340, Maine 
357, etc. The upper of the two remaining numbers in each square is 
the observed yield and the lower number is the corrected yield. All 
yields are given in bushels per acre. 


’"W 

Victor 

VS -93 

78.34 

904 

Maine 336 

73 ‘ 7 S 
77. IX 

903 

Siberian 

73. 13 
73.09 

90a 

Maine 330 

75*85 

76.4a 

901 

Banner 

73*75 

74.85 

900 

Maine 351 

77 * 75 
79 . 34 

tw«U.h 

Select 

68. 75 
75.16 

898 

Maine 357 

85.94 

79.03 

9x3 

Maine 947 
84.37 
85.90 

9 X 9 

Senator 

50.87 

53.08 

9x1 

Maine 381 
83.37 

81.36 

910 

Maine 891 
83.75 
82. 19 


H 

907 

Kherson 

53 * xa 

56.99 

906 

Maine 337 
88.75 
79.43 

9 M 

Maine 386 
85.63 

85.79 

930 

Early Pearl 

85.00 

86.38 

9x9 

Maine 346 
69. 38 

67 . 14 

918 

Imported 

Scotch 

70.31 

69. 96 

9x7 

Maine 307 

76.87 

75.70 

916 

Gold Rain 
83.37 
82.55 

9x5 

Maine 355 

73*75 

78.57 

9x4 

Prosperity 

77.50 

68.68 

939 

Maine 336 

79. X9 
73. 70 

938 

Siberian 

80. 63 
83.33 

927 

Maine 330 

74. 6 a 
72.61 

926 

Banner 

90.31 

89.4s 

9*5 

Maine 351 
78.37 
77.59 

.. . 
Swedish 
Select 

67* so 
67. X9 

9*3 

Maine 357 

73*75 

78.93 

9aa 

Maine 9x8 
81.35 

73.47 

937 

Senator 

61.35 

63.35 

936 

Maine 381 

68.75 

70.96 

935 

Maine 978 
83. 50 

8x. 31 

934 

Minn. 26 

80.35 

80.38 

933 

Maine 340 

84.00 
84. 10 

93a 

Kherson 

66.35 

66.69 

93 X 

Maine 33 7 
81.25 

87. 79 

930 

Irish 

Victor 

87.50 

79.1a 

94 S 

Early Pearl 

96. so 
87.07 

944 

Maine 346 
83.50 
75*73 

Imported 

Smteh 

68 . 75 
59.45 

943 

Maine 307 
83.13 

72.59 

94 X 

Gold Rain 
86.87 
76. 74 

940 

Maine 355 

93. xa 
82.83 

939 

Prosperity 

83.37 

81.05 

938 

Maine 347 

90.63 
70. 34 

953 

Siberian 

75*95 

74.80 

953 

Maine 330 
76. 35 
76.90 

9 SX 

Banner 

83.45 

80.08 

950 

Maine 351 
73. xa 
7 X. 4 S 

949 

Swedish 

Select 

65*25 

63.74 

948 

Maine 357 
8a. 12 
80.67 

947 

Maine 98a 

85.63 
90. 59 


961 

Maine sSz 
81.35 
83.94 

960 

Maine 1053 

78. 75 
81,49 

959 

Miim. 36 

81.35 
80. 33 

958 

Maine 340 
75.31 
75.64 

957 

Kherson 

73.75 

74.05 

956 

Maine 337 

73*75 

74.45 

Victor 

61.87 

67.01 

954 

Maine 336 

84.06 

76.27 

969 

Maine 346 
76.87 
83.56 

968 

Imported 

Scotch 

64.6s 

71. 13 

f. 

iMine 307 

77. 50 
81.83 

966 

Gold Rain 

71.56 
71. 10 

965 

Maine 355 
78. 13 
83*71 

964 

Prosperity 

70.00 

75*36 

963 

Maine 347 

70.00 
80. 17 

96a 

Senator 

60.00 

58.88 

977 

Maine 330 

85.63 

81.40 

976 

Banner 

85.62 

83.68 

975 

Maine 351 
80.63 
73-76 

974 , 

Swedish 
Select 
71.87 
67.08 

973 

Maine 357 

76.87 

71.70 

97a 

Maine 1054 
84.37 
79 . 19 

97 X 

Maine 386 

77.81 
79. x 8 

970 

Early Pearl 
90.87 
75.35 

985 

Maine 1064 

56.56 
60. 19 

984* 

Minn. 36 

74.37 
80. 13 

983 

Maine 340 
89.00 

9t.86 

983 

Kherson 

66. 35 
69.46 

981 

Maine 337 
7 x. 56 
74.99 

980 

Irish 

Victor 

76.95 

80.31 

979 

Maine 336 
65.94 
74. 10 

978 

Siberian 

83.1a 

79*43 

993 

Imported 

Scotch 

55*00 

59. 38 

99a 

Maine 307 

7 X. 8 S 

77.86 

99 X 

Gold Rain 
77.50 
81.33 

990 

Maine 355 
83. 75 
89. X3 

989 

Protperity 

67.12 

71.41 

988 

Maine 347 

75* 6a 
80.83 

987 

Senator 

51.95 

58.34 

986 

Maine aSi 
91.87 
89*39 

76.74 

78.38 

76.74 

79.4s 

76.74 

75 - 8 * 

76.74 

77*13 

76.74 

77*09 

sSainea86 
61.88 
6 a- so 

]^ly Peart 

74*06 

80.27 

Maine 346 
90.00 
81. 79 
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In this field there were tested 1 1 commercial varieties and 1 2 pure- 
line varieties in quadruplicate one-fortieth acre plots. In addition, 
seven other pure lines were tested in single plots. It will be noted that 
in the lower row of the figures there are five plots not planted. In order 
to use this method of correction, it is necessary to assign values to these 
plots. The best method of doing this is to assign as the observed yield 
of each such plot the mean 3deld of the field. This method does not 
bias the results in either direction. 

Table I shows the average yield, both observed and corrected, for the 
four plots of each commercial variety and for the 12 pure-line varieties. 
These corrected yields have been obtained by the percentage method 
described above. 


Table I . — Variation constants for the observed and corrected average yields of commercial 
and pure-line varieties of oats tested in igi^ 

COMMBRCIAl. VARIETIES 


Variety. 

Observed 

yield 

(bushels per 
acre). 

1 

Standard 

deviation. 

1 

Coefficient i 
of I 

variation, i 

Corrected 

yield 

(bushels per 
acre). 

Standard 

deviation. 

Coefficient 

of 

variation. 

Minnesota No. 26 . . . 

Early Pearl... . 

Banner ... 

Gold Rain 

Siberian 

Irish Victor 

Prosperity 

Swedish Select 

Kherson 

Imported Scotch. . . . 
Senator. ... 

81. 70±2.00 
86. 61 ±2. 80 
83. 28:^2.03 
79 - 83 ±i .84 
77 - 7 S±i- 4 S 
75 - 39 ± 3 -o 6 

74 - 50±a. 14 
68.34± .80 
64. 68±2. 50 
64.68± .63 
55.84^1.62 

5 . 94 d:l. 4 Z 
8 . 3 X±z .98 
6 . 04 ±i .44 
5.48^1.30 
4 . 33 ±I *03 
9.09±2. x6 
6 . 37 ±x* 5 * 
a* 39 ± *56 
7- 43 ± 1-77 
X.88± .44 
4. 8z±x. 14 

7 . 27 ±x .74 

9 - 59 ± 2 - 3 I 
7 - 2 S±i -73 

6. 86:h 1. 64 
S. 57 ±i -33 
x2.06i2.9x 

8. 55 ±»* os 
3 - 50 ± .83 
X1.46±3. 76 
2.9i± .69 
8.6 x±2.o6 

82.75ix.46 
82.27ix.6z 
8 x. 77 ±i *77 
77 - 9 o±i «50 
77 - 14 ^ 1-34 
76. X9ix.8o 
74 -I 3 ±x*s 6 
68. 29ix.4X 
66. 79 ± 3 * 10 
64. Soil. 83 

57.93^1-11 

4 * 34 ±x .03 

4 - 79 ±x-iS 
5. 26 ix .25 

4- 48ix.o6 

4 *ooi .95 

5- 3 S±i -37 
4- 65 ix. xo 

4- aoix.oo 
6 . 25 ix .49 

5 - 43 ±l -39 
3 . 32 i .79 

5 * 24 ix.as 

5. 82ix.39 
6 . 43 ±x.S 3 
S- 7 Si:X -37 

5. xSix. 23 
7-02ix.68 

6. 27 iz .50 

6. x 5 ±z -47 
9 - 36i2. 25 
8. 38i2.oz 
5- 73 ± 1-37 

Average . . , 

73-89 

5.64 

... i 

73 - 63 

4-73 

6 48 


PURB-UNS VARIETIES 


No. 340 

82. 77ii.65 

4 . 90 il. 16 

5 . 92 ii. 4 r 

83- 5 S± I - 94 

5 - 76 ±X .37 

6 . 89 ix .65 

No. 355 

82. X9i2.44 

7 . 24 ±X. 73 

8.8ii2. XI 

83-SS±x*a6 

3.76± .89 

4. 50ii.07 

No. 281 

8i.3ii2.78 

8 . 27 ii .97 

xo. 17±2.4S 

81. i6i2. 22 

6. 6iix.s7 

8. Z 4 ii .94 

No. 337 

78. 83 i 2. 27 

6. 76i 1. 61 

8. 58i2.o6 

79.17i1.79 

S.34±x-27 

6. 74:tx.6z 

No. 247 

80. isi2.66 

7 . 92 ±x *88 

9.88i2.i6 

79. izix.84 

5.47±x-30 

6.91^:1-65 

No. 357 

79 - 67ix.58 

4. 7oix.X2 

5 . 9 oii. 4 i 

77. 58ix. 16 

3.47± *82 

4 - 47 i:Z.o 6 



4 . 47 ix.o 6 

5. 73il.37 

77. 58iX.os 

3. 12i . 74 

4.02i .95 

No. 346 

79 * 69 ia .54 

7.56ii.8o 

9.49i2. 28 

77.04i2. x6 

6. 4i±z. 52 

8 . 32 ix .99 

No. 307 

76.94ix.30 

3. 86i .92 

5.02iZ.20 

77. ooii.13 

3 - 36 i .80 

4 . 36 ix .04 

No. 286 

77 - 73 ± 3 - 36 

9 - 69 ia. 3 X 

x2.47i3.ox 

75. 65 i 2. 86 

8 . 49 :i: 3.02 

XX.22i2. 70 

No. 351 

77 - 47 ± -91 

2. 73 ± .65 

3. 52± *84 

75 - S 4 ±i -04 

3. loi .73 

4 X 0 ± .97 

No. 336 

73 ‘ 99 ± 9 . 19 

6.Si±T>SS 

8, 79±2. n 

7 S- 05 ± .58 

i. 74 ± -41 

2.3a± .55 

Average 

79 - 06 

6. 22 

7-86 i 

78.50 

4 - 73 

6. 00 


From figure 4 it is seen that in many plots the corrected yield varies 
quite widely from the observed. However, Table I shows that when the 
four plots of each variety are averaged there are in most cases compara- 
tively slight differences between the two. This point is a strong argu- 
ment for the efficiency of four systematically repeated plots in reducing 
the experimental error. There are, however, a few cases in the table 
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where the corrected average yield is markedly different from the ob- 
served. An instance of this is seen in the Early Pearl variety (Table I). 
The observed average yield of this variety (86.6 bushels) was the highest 
obtained in 1915. The difference between the yield of this and the 
Minnesota No. 26 was nearly 5 bushels. The corrected average yield 
of these two varieties is practically the same, differing only in a fraction 
of a bushel. By referring back to figure 4 it is found that the high 
average 3field of the Early Pearl was largely due to the influence of two 
plots, Nos. 945 and 970. These two plots happened to lie in exception- 
ally good soil. Their observed yields of 96.5 and 90.9 bushels per acre 
were reduced to the corrected yields of 87 and 75.4 bushels, respectively. 

As is to be expected, the corrected average yields show in nearly all 
cases a much lower variability. This is true of both the absolute and 
relative variability. In one or two instances, as the Imported Scotch 
(Table I), the variability is greater in the case of the corrected 5deld. 
If all the varieties (Table I) are taken, the corrected yields will show 
an average decrease in the coefficient of variation of about per cent. 

The table shows that with systematically repeated plots the yields 
corrected by this method do not differ radically from the actually ob- 
served yields. Such changes in the order of )ield as do occur we believe 
more truly express the relative value of these varieties. This statement 
is based on the experience of several years with these same varieties. 

In using this method attention should be called to one or two points. 
In the first place where a field of plots is very large or where it is rela- 
tively long and narrow better results will usually be obtained by break- 
ing it up into smaller blocks for calculatioh. For example, our 1914 
test field was 6 plots wide and 28 plots long. More satisfactory results 
were obtained by breaking this up into three blocks, two of which were 
9 plots long, the other 10 plots. Each block was calculated as a separate 
field. In doing this, care should be taken that the blocks are not so 
small as to be unduly affected by a possible preponderance of very good 
or very poor varieties. 

Another point to be remembered in the practical use of this method 
is that it can not be used to take account of uneven seeding, ravages of 
birds, or other irregularities in certain plots. Corrections, if any, for 
these factors should be added before employing the above method. 

SUMMARY 

It is generally admitted that field trials, including variety tests, are 
often of very little value because of the large number of uncontrollable 
factors. Nevertheless, field trials are becoming more and more a neces- 
sity in many phases of agricultural investigation. 

Within recent years a number of investigators have shown that the 
esperimental error in such trials can be greatly reduced by the use of 
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systematically repeated plots. Nevertheless, if the number of repeti- 
tions is not large, certain experiments may still be unduly influenced by 
irregularities in the field. It would therefore be desirable if some method 
could be devised by which the yields of individual plots could be corrected 
in such a way as to take account of these irregularities. 

Check plots have frequently been used for this purpose. But, aside 
from the extra labor and expense involved, the results from check plots 
have been far from satisfactory in many cases. 

In the present paper a method is proposed for use in correcting for 
differences in the soil of different plots. The method in its present form 
is adapted for use only when the plots are arranged in blocks similar to 
those in figure 4. The method of obtaining this correction factor is as 
follows: In the first place the probable yield of each plot is obtained by 
the contingency method. This ‘‘calculated'* yield represents the most 
probable 3deld of each plot on the supposition that they have all been 
planted with a hypothetical variety whose mean yield is the same as the 
observed means of the field. 

This “calculated” yield may then be used as a basis for determining 
a correction factor. If the calculated yield of a given plot is above the 
mean of the field it must be taken that the soil of this plot is better 
than the average of the field and a corresponding amount must be 
deducted from the observed yield. Likewise, if the calculated 3deld is 
below the average, a proportional amount must be added to the observed 
yield in order to make the plots comparable. 

Still more comparable results will be obtained if the correction factors 
are based upon the percentage of the mean rather than upon the absolute 
figures. 

Tests of the efficiency of this method by means of the measure of soil 
heterogeneity proposed by Harris (6) show in all cases a very marked 
reduction in the amount of heterogeneity when the corrected figures are 
used. When tested on our own experimental plots, this method leads to 
results which from other evidence, we have reason to believe, more nearly 
represent the truth than do the uncorrected yields. 

It is realized that this method is not ideal and does not obviate all the 
difficulties connected with soil differences in plot experiments. It is 
hoped that this method may prove useful in certain kinds of plot experi- 
ments and that it may lead to further study of this problem. 
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INTRODUCTION 

The developments in irrigation agriculture in the arid West have caused 
many changes to be made in the method of delivering water to canals 
and to individual irrigators. The value of water increases with the 
increase of irrigated acreage, and the long-accepted practice of fixing the 
charges for water on a per-acre-per-annum basis is rapidly losing ground 
in favor of charges based on the volume of water delivered. When irri- 
gators pay according to the amounts of water used, there is every incen- 
tive for them to study the water requirements of their crops and to use 
the least quantities they judge to be necessary. This leads to a proper 
economy in the use of water, permits a greater acreage to be irrigated 
with the available water supply, and conserves the land. 

The transition from a flat rate to a rate based on the water actually 
used is calling for a better knowledge of the accuracy and practicability 
of existing measuring devices as well as the development of new devices. 
The weir is generally considered an accurate device for measuring water, 
and it doubtless is such, provided it is properly installed and the correct 
formula is used for determining the discharge through the notch. Weirs 
constitute a large proportion of the devices in use for measuring irriga- 
tion water at the present time, being principally of the rectangular notch 

^ This pi^per is based on eaeperimeats ooaductod in the hydraulic laboratory at Port Collins, Colo., under 
coopera ti v e agreement between the Office of Experiment Stations of the United States DesNutment of 
Agriculture and the Colorado Agricultural Experiment Station. 
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or Prcmds type, and the Cipolletti type. Most of the wdrs in use have 
notches -with crest lengths of 4 feet or less, being such as are adapted to 
the delivery of water for farm units. Unfortunately, owing chiefly to 
the confudon of the statements contmned in the Uterature on weirs, 
various standards of dimendons have been used in the construction of 
the weirs now in use. This lack of uniformity results in many erroneous 
measurements. 

The bade experiments with notches having thin edges and full con- 
tractions were made by James B. Francis (5)* from 1848 to 1852. These 
have subsequently been enlarged upon by several experimenters and 
mathematicians. Francis made three series of experiments with rec- 
tangular-notch weirs, but the discharges were measured directly in only 
one series (5, p. 75-76). In each of the two other series an equal flow 
of water was made to pass through notches of different lengths, the crest 
lengths and the heads being noted. In the experiments, where the dis- 
charges were measured volumetrically, only notches of approximately 8- 
and lo-foot lengths were used, and the heads ranged from only 7 to 19 
inches (5, p. 122-125). Most of the experiments were made with the 
lo-foot notch, as they were to be applied directly to the measurement 
of water for power purposes. Francis stated (5, p. 133) that the formula 
which he derived would apply to heads ranging from 6 to 24 inches, but 
in no case was it to be used either for heads exceeding one-third the 
length of the crest or for very small heads. With these limitations the 
formula can not be used for weirs having crest lengths of less than 1.5 
feet nor for heads exceeding 2 feet. For a 1.5-foot crest the formula can 
be used only for a 0.5-foot head. Horton states (7) that the Francis 
dath and formula will hold for heads from 0.5 foot to 4 feet. Francis’s 
experiments were very carefully and conscientiously made, but were 
with longer notches and greater volumes of water than are usually 
needed in delivering water to irrigators. The Francis formula is fre- 
quently used, however, without regard to the limits which he imposed 
upon it, and it is not uncommon to see tables computed from it that give 
dischaig'es for heads as low as o.oi foot, with heads as high as i foot for 
a crest length of i foot, and for crest lengths varying from 0.5 foot to 
20 feet. 

The most popular wdr notch has been the trapezoidal type with side 
slopes of one horizontal to four vertical. This type was designed and 
^e formula deduced by the Italian engineer Cesare Cipolletti (3), with 
the idea of automatically eliminating the correction for end contractions 
necessary with the rectangular notches and thus obtaining a t}q}e of 
notch the discharge through which would be proportional to the length 

the crest and free from error in excess of one-half of i per cent from 
any single cause. Cipolletti derived the shape of the notch by a mathe* 
madoal modification of the Francis formula for the rectangular notch. 


* Reference ie maAt hv tnimher tn ** dtWI.** n. 
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He obtained the values for the coefficient and exponent by examining 
Francis’s experimental data and increasing Francis’s coefficient value 
somewhat arbitrarily by i per cent. He also made a few experiments, 
but stated that his formula was subject to the limitations imposed by 
Francis; consequently the extension of the range of application of the 
formula has been an excursion into unexplored territory. The notch 
designed by Cipolletti was intended to measure a minimum discharge of 
150 liters (5.3 cubic feet) per second and a maximum discharge of 300 
liters (10.6 cubic feet) per second, thus further restricting the use of the 
Cipolletti formula to notches having crest lengths of not less than 3 feet 
nor more than 8 feet. 

There is great practical need in irrigation practice for weirs with small 
notches and for measurements with small depths of water over the crests 
of the notches. It also is important to know that the discharge for- 
mulas are correct, as many other forms of measuring devices are com- 
monly calibrated by being hitched in tandem with the weir. For these 
reasons it was deemed advisable to conduct a series of experiments with 
notches having thin edges and full contractions (i) to determine whether 
the Francis and Cipolletti formulas hold for notches of the sizes ordi- 
narily used in irrigation practice and (2), in case the old formulas did not 
hold, to derive new formulas. 

LABORATORY EQUIPMENT AND METHODS 

The hydraulic laboratory at Fort Collins was built in 1912-13, under 
a cooperative agreement between the Office of Experiment Stations, 
United States Department of Agriculture, and the Colorado Agricul- 
tural Experiment Station, and is designed for research work in hydraulics, 
especially gravity flow.' With the exception of the building, which 
is of brick, the laboratory is constructed almost entirely of concrete 
and metal to give it rigidity, permanency, and water-tightness. All 
water faces of concrete are covered with a 3 to i cement-plaster coat 
three-eighths of an inch thick. Tests have shown the seepage losses 
to be negligible. The plan and a sectional elevation of the laboratory 
are shown in figure i. The circular storage reservoir has a top diameter 
of 87 feet, side slopes of i to i , and is feet deep. The headrace connect- 
ing it with the weir box is approximately 60 feet long, 4 feet deep, and 
6 feet wide for the first 15 feet below the head gates and then ex|>ands 
to 6 feet deep and 10 feet wide at the weir box. The weir box is 20 
feet long, 10 feet wide, and 6 feet deep, and has a heavy T-iron frame 
approximately 3 feet high and 6 feet long in its bulkhead wall. This 
frame is surfaced, bored for ^-inch bolts, and so arranged that the plates 
containing or forming the notches or orifices smd other measuring 
devices requiring a vertical portion can be adjusted accurately for 
experiments. The joints between the plates and the frame are made 


^ A complete deecriptlop of tbe liydretiUc Ubcmtoiy, see an earlier article by the writer (4). 
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water-tight by flat rubber gajflcets. The water passing through the 
notches or orifices falls into a concrete spill box 4 feet deep, 10 feet wide, 
and 9 feet long, which is connected with an auxiliary or waste reser- 



voir by one channel and with the calibiated tanks by another. The 
two 22-inch circular openings leading to these channels are separated 
by a st^ plate, and a single disk on the lever arm makes a double shear. 
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gate for the openings. The calibrated tanks and the wasteways on 
the weir box as well as the spill box are connected with the waste reser- 
voir, from which the water can be returned to the storage reservoir 
by either a 12-inch or a 5-inch horizontal centrifugal pump driven by 
electricity. The floors of the calibrated tanks and the waste reservoir 
are 19 feet lower than the coping of the storage reservoir. 

Some of the means used to secure accuracy in the experiments are 
as follows: The laboratory is so arranged that the centers of the storage 
reservoir, the headrace, the frame in the end of the weir box, and the 
channel from the spill box to the calibrated tanks all lie in the same 
straight line, thus permitting the water to approach and leave the device 
under experiment in a straight line. 

The three head gates between the storage reservoir and "'the head- 
race— 6, 12, and 18 inches in diameter, respectively — permit a fairly 
accurate regulation of the water entering the weir box. 

Immediately below the head gates a series of two horizontal and 
two vertical baffles breaks up the eddy currents and reduces pulsations 
and wave action to such an extent that the water, before entering the 
weir box, is in a pondlike condition. 

In one side of the weir box, about 15 feet upstream from the bulkhead, 
is an overpour spillway which resembles a door 2 feet high and 3 feet 
long hinged at the bottom. The top of this spillway when in an upright 
position is slightly below the top of the weir box. Aprons of oiled 
canvas attached to the sides of the weir box and to the face of the door 
prevent leakage and compel the water to pass over the crest of the 
spillway. A 4-inch gate valve placed at the side of the spillway permits 
a still more careful regulation of the depth of the water in the weir box. 
Both the spillway and the gate valve can be adjusted by the hook-gauge 
observer on the opposite side of the weir box by means of screw controls 
operated by handwheels placed on the ends of long rods. By alwa3rs 
having some water running over the spillway it was possible to keep 
the head upon the device under test constant throughout the duration of 
the experiment, usually from 20 to 40 minutes, depending upon the 
volume of water being run. 

The elevations of the water in the weir bdx and the spill box are 
observed in concrete gauge boxes built on the outside walls of the re- 
spective boxes. These gauge boxes are i foot by 2 feet by 4 feet deep, 
inside dimensions, and the water enters each of them through four 
I -inch pipes. The gauge box for the weir box is located 10 feet upstream, 
and that for the spill box 7 feet downstream from the bulkhead. The 
pipes leading to the latter, however, take water from the spill box at a 
point only 3^ feet downstream from the plane of the weir. Each gauge 
box is equipped with an electric drop light and a Boyden hook gauge 
anchored in the concrete wall, and readings of the water level can be 
made to 0.001 of a foot. 
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In order to refjer the elevation of the crest of the notch being expetir 
mented with to a reading of the weir-box hook gauge to the nearest 0.001 
foot, the instrument shown in figure 2 was devised. The ends of the 
legs and the hook can be adjusted so as to make the distance from the 
top of the plate to the groove in the legs exactly equal to the distance 
from the top of the plate to the point of the hook. By resting the notched 
legs on the crest of the notch and adjusting the plate to a horizontal 

position with a sen- 
sitive level, the point 
of the hook is brought 
to the same elevation 
as the crest of the 
notch. Water is run 
into the weir box, and 
the surface of the 
water is adjusted to 
the point of the crest- 
hook gauge. Since it 
is possible to main- 
tain the water level in 
the weir box quite ac- 
curately, the hook- 
gauge reading in the 
weir-box gauge box 
is taken to correspond 
to the crest elevation 
of the notch. Re- 
peated determina- 
tions of this nature 
indicated a high de- 
gree of accuracy. 

In order to avoid 
the Suctuating condi- 

Fio. Devloe tued in teterinc devstkiu of the notdi cmt to Uie tions of the flow 
i««lhieo(thtboakg»l<e. 

tests are being started or stopped, means had to be provided for quickly 
turning the flow into the channel to the calibrated tanks when the 
deared conditions for the test had been obtained. This is accom- 
pHsbed by means of the double shear gate used to dose the two 22-inch 
drcular openings in the spill box. The lever arm of this gate is 8 feet 
long, the disk is seated by means of steel shear springs, and the gate is 
podtive and instantaneous in action. . Wben the gate handle reaches 
midpmnt of its swing, it strikes a gong, yfhich is a signal to the hook- 
gauga observer to start or stop the stop watch used in recording the 
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duration of the experiments. The error in time in operating the shear 
gate and the stop watch is only a small fraction of a second. 

The calibrated tanks cover an area 55 feet square, divided by 12-inch 
vertical-sided concrete walls into one tank 27 by 55 feet, two tanks each 
23^ by 27 feet, and a channel 6 by 27 feet, which is connected with each 
tank by a 14-inch circular orifice placed on the floor line and controlled 
by a gate. The tanks are 8^ feet deep. Their floors are all at the 
same elevation, and they have a combined capacity of more than 22,000 
cubic feet available for experimental purposes. The tanks have been 
carefully calibrated, corrections having been made for all irregularities, 
gate openings, rods, etc., and tables have been prepared giving the 
capacity at each 0.001 foot in elevation. A brass rod i inch in diameter 
and 9 feet long was placed in a vertical position near one comer in each 
calibrated tank, being held out from the wall about 6 inches by iron 
brackets set in the concrete (fig. 3). Holes drilled in these rods at 
carefully measured intervals of about 18 inches serve as datum points 
when the quantity of water in the tanks is being measured. The eleva- 
tion of the water in the tanks is determined to 0.001 foot by means of a 
hook gauge having fixed to its back a heavy clamp provided with a pin 
which fits snugly into the holes in the rod. A steel ladder was placed 
adjacent to the brass standard rods in each tank and anchored to the 
concrete. The platform shown in figure 3 is 20 by 24 inches and can be 
lowered close to the water surface and secured to any of the ladders by 
means of hooks. The funnel-shaped arrangement attached to the plat- 
form has a ^-inch hole in the bottom and can be adjusted so as to form a 
stilling basin for the hook gauge. With the water levels at the beginning 
and the end of the experiment determined by means of the standard 
rod and hook gauge, the volume run during the experiment can be 
determined readily from the calibration tables. 

Unless otherwise stated, the experiments recorded in this publication 
were made with notches the edges of which were one-sixteenth inch or 
less in thickness. The notch plates used were constmcted either entirely 
of brass or of steel with brass notch edges. The crests and sides of the 
notches were dressed to true angles and straight lines, and by means of a 
micrometer caliper were calibrated to an allowable divergence of 0.002 
inch from a straight line. The triangular notches were dressed to tem- 
plates. The plate containing the notch under observation was placed 
in a vertical position in the T frame in the bulkhead of the weir box, 
and the crests of rectangular and Cipolletti notches were leveled to 
within 0.001 foot by means of a 12-inch steel-frame level, upon which a 
bubble division indicated a variation of 0.0004 foot for a length of i foot. 
The inner face of the bulkhead was flush with the crest of the notch. 
The triangular notch plates were placed so that a vertical line would 
bisect the angle formed by the sides of the notch. In all the experi- 
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ments except those upon the effect of contraction (p. 1091) the bottom 
of the jireir box was approximately feet below the crests of thenotches, 
and the ades of the weir box weres to4^ feet from the ends of the crests, 
depoiding upon the size of the notches. In all the experiments the floor 



Pio. 3.— ‘Ladder, platfomi, and datum rod used in calibration tanks. 


of the spill box was approximately 4.5 feet below the vertex, or crest, 
of the notch. 

Thirty or forty tests were made upon each notch, the experimental 
variable being the head. Intervals of head of 0.05 foot were used, and 
duplicate tests were run for each o.r fbot of head. If the data from the 
dupficate tests did not agree within one-half of i per cent, the tests were 
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repeated until such agreement was obtained. It is not claimed that 
this arbitrary rule insures the accuracy of results of the individual tests, 
but it did lead to the detection of irregularities in the working conditions 
and increased the probability of accuracy. Comparatively few tests 
bad to be rerun, which indicates the stability of the experimental tests 
and the nice control of the heads made possible by the head gates, 
wasteways, and baffles. 

The heads and the corresponding discharges obtained were plotted 
for the various notches. The curves were then drawn which best rep- 
resented the discharges through the different notches, the plottings 
being made upon such a scale that discharge values could be read from 
the curves to three decimal places. 

The following method was used in smoothing the curves and obtain- 
ing the values for C in the general formula Q = CLH^: 

Discharge values were taken from the curves for each 0.05 foot head, 
and the slope was determined for each straight line connecting pairs of 
points. The slope for each point was first taken as the average between 
the slopes of the two straight lines to which it was common; then, calling 
the point in question ft, the point for the next 0.05 foot head above, a, 
and that below, c, the slopes were given a second smoothing by the 

equation ———^ =6; and a third smoothing was obtained by substi- 


tuting the values obtained by the second smoothing in the equa- 


tion 


a 4 - 26 4 - 3c 4 * 2d + 


' c. These values were plotted, and the equation 


of the resulting curve was used to compute the last smoothing of the 
slopes. Substituting these computed values for n in the general formula 
Q^CLH^, the corresponding value of C was obtained for each head. 


EXPERIMENTS WITH NOTCHES HAVING FREE FLOW 


DEDUCTIONS OP FORMULAS FOR RECTANGULAR AND TRAPEZOIDAL 

NOTCHES 

The general type of formula heretofore used for discharges through 
rectangular and trapezoidal notches is g = CLH\ in which L is length of 
crest, H the head of water over the crest, and C and n are constant for 
each t3q)e of weir. Expressed logarithmically, the general formula be- 
comes log 0 **log C+log L4-n log i/, which equation, when plotted, 
gives a straight line whose slope is n and whose intercept is log C + log L. 

The data obtained for the rectangular and Cipolletti notches, when 
plotted logarithmically, gave curves instead of straight lines. It was 
found, however, that a general straight-line equation could be deduced 
for the discharges through the rectangular notches, which, within the 
range of the experiments, would give discharges as dose to the experi- 
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mental data as would the general curve equation. The experimental 
data indicate, however, that the general curve equation would hold true 
for a greater range of notch lengths and heads than would the general 
straight-line equation. Table I, for the dpolletti notches, gives the dis- 
charge values for the different heads as read from the curve, the experi- 
mental discharge values (observed discharges) at greatest variance with 
the curve discharge values, and the values of the exponents n and coeffi- 
cients C necessary in the Cipolletti formula to give the discharges ob- 
tained in the experiments. The values of n and C in the table show that 
the discharges for any notch, if plotted logarithmically, would not give a 
straight line, since neither the n’s nor the C’s are constant. A compari- 
son of the curve discharge values and the observed discharges in the 
table also serves to indicate the accuracy of the experimental data. 
The variations of the n's and Cs also hold for the rectangular notches, 
but are not so pronounced as in the case of the Cipolletti notches, since 
the discharge curves for rectangular notches are flatter. 
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Itat. 4.— Curvw (howing therdstba between dlidiarga with oonataotlmdi thraui^ Kctancular aotdiM 
of different lengths and the lengths of the notches. 
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RBCTANGUI^AR NOTCHES 

With rectangular notches 226 tests were made, the actual crest lengths 
used being 0.50721 foot, 1.0055 feet, 1.5026 feet, 2.0057 feet, 2.9970 feet, 
and 4.0065 feet. These actual lengths were used in all computations 
connected with the derivation of the formula. 

Derivation or the Formula 

The discharge values for 0.05-foot increments of head, taken from the 
curves plotted from the experimental data, were used in the following 
deductions, thereby eliminating to a large extent the experimental 



Fig. s-'-Curve showing the relation between a in the equation Q^aL—h and the heads on rectangular 

notches. 


irregularities. The discharge values for the different notches were 
plotted (fig. 4) with the lengths of crests (L) as abscissas, and the dis- 
charges {Q) as ordinates. A straight line was then drawn for each head 
by passing it through the points representing the discharges over the 3- 
and 4-foot crests with the given head. The equations of these straight 
lines were found to be of the form j2=»aL—fc. 

The slopes (a) of the lines were computed from the coordinates of the 
discharge values with the 3- and 4-foot crests. The relations between 
the heads (H) and the slopes (a) in the above formula were plotted (fig. 
5) and gave a curve the equation for which was found to be a« 3.247//^*^. 

The rdations between the heads (H) and the intercepts (6) in the 
equation Q^aL-^b are diown in figure 6. The equation for the curve 
was found to be 6«o.283/P**. 
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The offsets fnnn eadi of the straight lines in figure 4 to the points i<q>- 
' resenting the disdiarges 'with the head for which the line was drawn 
were tabulated, and an expression for the offsets was determined to be 
o. 283 ir-* 
i + aL*-* 

Substituting the 'values of a and h in the equation form Q=^aL—h and 
making a correction for the offsets from the straight lines, the formula 
for the rectangular notches was found to be 


5=3.247 LH*-" 



Table II gives, the discharge 'values for the rectangular notches of dif- 
ferent lengths computed by this formula. This formula gives discharge 



Vio* 6.--Curve dioifniie the relation between h in the equation Qr^dL^-h and the heads on rectangular 

notches. 


values within a maximum of approximately i .2 per cent of the values indi- 
cated on the curves plotted from the experimental data, but the aver- 
age variation is only 0.28 per cent. Table V compares the values indi- 
cated on the curves plotted from the experimental data and values com- 
puted with formulas. 


^ABLS II . — Discharges {in cubic feet per second) through rectangular weir notches ’ 


Head. 

Z"foot crest. 

iH-foot crest. 

3>foot crest. 

3 -foot crest. 

4 -foot crest. 

Feet, 

0. 20 

Inches, 

0. 291 

0.439 

0.588 

0. 887 

I. 10 
I. 28 

0 21 


•312 

.472 

.63a 

•954 

• 22 

2 H 

■■iU 

.380 

•SOS 

.677 

I. 02 

I- 37 

•23 

aK 

•539 

• 7*3 

1.00 

1.40 

.24 

2pi 

•S 74 

.769 1 

z. zo 

I- 55 


» Computed by the fannnte Qr-sjuaUP.»- 
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Tabl9 II . — Discharges (in cubic feet per second) through rectangular weir notches — Con. 


Head. 

i-foot crest. 

x^^-foot crest. 

3-foot crest. 

3-foot crest. 

4-foot crest. 

Feet, 

Inches, 






0. 25 

3 ^ 

0. 404 

0. 609 

0. 817 

I. 23 

I. 65 

.26 

3H 

. 428 

.646 

.865 

I- 31 

I- 75 

•27 

3H 

•452 

.682 

.914 

I. 38 

1.8s 

• 28 

3H 

•477 

. 720 

• 96s 

I. 46 

I- 95 

.29 

sH 

. 502 

• 758 

I. 02 

I- 53 

2. 05 

•30 

3H 

•527 

.796 

I. 07 

I. 61 

2. 16 

•31 


•S 53 

.836 

I. 12 

I. 69 

2. 27 

•32 

3 tf 

. 580 

.876 

I. 18 

I. 77 

a. 37 

•33 

3 it 

4 *Ar 

. 606 

. 916 

I. 23 

I. 86 

2. 48 

•34 

•634 

•957 

I. 28 

1.94 

2. 

•35 

4A 

.661 

•999 

I- 34 

2. 02 

2. 71 

•36 

4 A 

.688 

I. 04 

I. 40 

2. II 

2. 82 

•37 


.717 

I. 08 

I- 45 

2. 20 

2. 94 

.38 

4 * 

•745 

*• 13 

I- 51 

2. 28 

3 - 06 

•39 

aH 

•774 

1. 17 

I- 57 

2-37 

3. 18 

.40 

aH 

. 804 

I. 21 

1.63 

2. 46 

3 - 30 

• 41 

4 « 

sift 

.833 

I. 26 

I. 69 

2. 55 

3- 42 

•4a 

.863 

I- 30 

I- 75 

2. 65 

3 - 54 

•43 

sft 

• 893 

1-35 

1. 81 

2. 74 

3 - 67 

.44 

sX 

.924 

I. 40 

1.88 

2. 83 

3- 80 

•45 

sH 

•955 

1.44 

1. 94 

2. 93 

3 - 93 

.46 

sH 

.986 

1.49 

2. 00 

3 - 03 

4 * 05 

•47 

sH 

I. 02 

I. 54 

2. 07 

3. 12 

4. 18 

. 48 

sH 

I. 05 

I- 59 

2. 13 

3.22 

4 - 3 * 

•49 

sH 

I. 08 

!• 64 

1 

2. 20 

3-32 

4 - 4 S 

•50 

6 

I. II 

1.68 

2. 26 

3-42 

4-38 

•51 

6 H 

I- 15 

[ 1-73 

2.33 

3 - 52 

4. 73 

•5a 

6X 

1. 18 

1 1. 78 

2. 40 

3. 62 

4. 86 

•53 

6 H 

I. 21 

I. 84 

2. 46 

3 - 73 

4-99 

•54 


1-25 

r. 89 

2. 53 

3-83 

5 * 13 

• 55 

6 H 

H 

00 

1.94 

2. 60 

3*94 

5 - 27 

•56 


I- 31 

I. 99 

2. 67 

1 4-04 

5*42 

•57 


1-35 

2. 04 

2. 74 

4 - 15 

5 - 56 

•58 

64 

7 Tir 

I. 38 

2. 09 

2. 81 

4. 26 

s- 70 

•59 

I. 42 

2- 15 

2. 88 

4-36 

5-85 

. 60 

7A 

I. 45 

2. 20 

2. 96 

4-47 

6. 00 

. 61 


I. 49 

2. 25 

3-03 

4 - 58 

6. 14 

.62 

7 * 

*• 52 

2.31 

3. 10 

4.69 

6. 29 

•63 

7 * 

I. 56 

2. 36 

3 * 17 

4. 81 

6.44 

.64 

7 tt 

X. 60 

2. 42 

3-25 

4.93 

6-59 


7 H 

1.63 

2. 47 

3 - 33 

S03 

6.7s 

. 66 


I. 67 

2-53 

3-40 

S -*5 

6. 90 

•<57 


I. 71 

2.59 

3 - 48 

S- 36 

7 - 05 

.68 

8 A 

I- 74 

2. 64 

3 S 6 

5-38 

7. 21 

.69 

8X 

1.78 

2. 70 

3-63 

5-49 

7.36 

•70 

8H 

1.82 

2. 76 

3 - 7 * 

5- 61 

7- 59 

•71 

8K 

Z.86 

2. 8z 

3-78 

5-73 

7.68 

• 72 

8M 

1.90 

2. 87 

3.86 

S-8S 

7.84 

f 73 

• 

1-93 

2.93 

3-94 

1-97 

8.00 

•74 

Sji 

1. 97 

2.99 

4.0a 

0.09 

8.17 
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Tabus II . — Discharges (t» cubic feeS per second) through rectangular weir notches~-Ctm. 


Head. 

z4aot creat. 

xH4oot crest. 

a-foot crest. 

3 -fbot crest. 

44oot crest. 

Fui. 

0.75 

JwA$s, 

9 , 

a. ox 

3.05 

4. xo 

6. 2 X 

8.33 

.76 

9yi 

a. 05 

3. II 

4. 18 

6.33 

8.49 

•77 

9H 

2. 09 

3. 17 

4. 26 

6.4s 

8.66 

.78 

9H 

2. 13 

3 - 33 

4.34 

6.58 

8.8a 

•79 

9K 

2. X7 

3.29 

4. 42 

6. 70 

8.99 

.80 

9H 

2. 2X 

3 - 3 S 

4-51 

6.83 

9. x6 

.81 


2.25 

• 3-41 

4-59 

6-95 

9-33 

.8a 

94 i 

2. 29 

3-47 

4.67 

7. 08 

9-50 

• S3 

loA 

2 . 33 

3 - 54 

4.75 

7. 2 X 

9.67 

.84 

2.37 

3.60 

4.84 

7 - 33 

9.84 


loA 

2. 41 

3.66 

4.92 

7.46 

xo. ox 

.86 

lO* 

2. 46 

3 - 72 

5- ox 

7 - 59 

xa xp 

.87 

loA 

2. so 

3 * 79 

5 - 10 

7. 72 

10.36 

.88 

xoA 

loli 

2. S 4 

3 - 8s 

S. 18 

7 - 8s 

10. S 4 

• 8p 

2. s® 

3 - 92 

5 - 27 

7-99 

xo. 71 

• 90 


2. 62 

3-98 

5- 35 

8. X 2 

xa89 

.91 

2. 67 

4.05 

5*44 

f.as 

XX. 07 

.92 

II* 

2. 71 

4. II 

5 - 53 

8.38 

II. 25 

•93 

iiA 

a. 7 S 

4. x8 

s- 6a 

8. 5a 

11-43 

•94 

iiX 

2. 79 

4.24 

5 - 71 

8.65 

XX. 6x 

•95 


2. 84 

4.31 

S- 80 

8.79 

11.79 

.96 

IIK 

2. 88 

4*37 

5.89 

8-93 

XX. 98 

•97 

iiH 

a. 93 

4-44 

5-98 

9. 06 

X 2 . 16 

.98 


2. 97 

4-51 

6. 07 

9. 20 

12. 34 

•99 

iiH 

3- ox 

4.57 

6. xs 

9 - 34 

12. 53 

I. 00 

xa 

3.06 

4.64 

6.2s 

9.48 

xa. 72 

I. ox 

xa>^ 


4.71 

6.34 

9. 62 

xa. 91 

I. 03 

xaK 


4.78 

6.43 

9.76 

13- 10 

I. 03 

xa^ 


4.85 

6. 52 

9.90 

13- 28 

X. 04 

X3>i 


4.92 

6. 62 

xo. 04 

13 - 47 

X. OS 

xaf^ 


4.98 

6. 7x 

xo. 18 

13-66 

X.06 

laK 


5 - OS 

6.80 

10.32 

13 * 8S 

1. 07 



5 - 12 

6. 90 

xo. 46 

14. 04 

X. 08 

ia« 


5 - 19 

6.99 

xo. 6x 

14-24 

1.09 

13A 


S-26 

7.09 

10.75 

14.43 

X. xo 



5-34 

7.X9 

xo. 90 

! 14. 64 

X. XX 

13* 


S.41 

7. a8 

XX. 04 

14. 83 

X. 12 

* 3 * 


5-48 

7-38 

XX. 19 

15-03 

I- 13 

13 * 


5 - 55 

7 - 47 

II- 34 

15. 22 

X. 14 

131* 


S-62 

7 - 57 

11.49 

15-42 

I - 15 

13H 


5 - <59 

7. 66 

XI. 64 

15-62 

X. 16 

13 « 


5-77 

7. 76 

II. 79 

IS- 8a 


14* 


5-84 

7. 86 

11-94 

X6. 02 

I. x8 

14* 


s- 91 

7. 96 

12. 09 

16.23 

1. 19 

I. 20 

X. ax 

X. aa 

I. 23 

X. 24 

14K 

14H 

14K 

14H 

* 4 ^ 

I 4 ?i 


5.98 

6.06 

6. 1$ 

6 . ao. 
6 .a 8 ‘ 
6.3s 

8.06 

8. x6 

8. 26 
8.36 
8.46 
a 56 

12. 24 

xa. 39 
12. 54 
12. 69 
12.8s 

12 . 99 

16.43 

16.63 

16.83 

17-04 

17.25 

17 ^ 4 S 
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Tabl9 II . — Discharges (in cubic feet per second) through rectangular weir notches — Can* 


Head. 

x-foot crest. 

xK-foot crest. 

3 -foot crest. 

3-foot crest. 

4-foot crest. 

F$e^ 

Inekes* 




gniii^ 


I* 2$ 

15 , 


<5-43 

8. 66 


X7.66 

I. 26 

JsH 





17.87 

I. 27 






x8. 07 

1. 28 






x8. 28 

z. 29 





13- 77 

18. so 

1-30 

isH 




13- 93 

18. 71 

I- 31 

isM 




14.09 

18. 92 

1. 32 





14.24 

19- ^3 

I- 33 





14. 40 

19. 34 

1. 34 

I6A 




14. $6 

*9- 55 

X-3S 

I6A 




14. 72 

19.77 

1. 36 





14* 88 

19.98 

I* 37 

I6A 




15.04 

20. 20 

1.38 






15. 20 

20. 42 

I- 39 





15-36 

20. 64 

X. 40 





15. 53 

20. 86 

1.41 

I6H 




15.69 

21. 08 

1. 42 





15-85 

21. 30 

1-43 

I7A 




16. 02 

21. 52 

1.44 

17k 




16. 19 

21. 74 

X. 4^ 

I7M 




16. X 4 

21. 06 

X. 46 





16. «;i 

22. 18 

X. 47 

I7M 





16.68 

22. 41 

X. 48 





16.81; 

22. 62 

X.49 





17. 01 

82. 85 

I. 50 

18 


^ ! 


17. 18 

23. 08 


The discharges through a notch having a crest length of 0.5 foot did not 
follow the same law as those through larger notches. This was probably 
owing to the greater effect of friction in the smaller notch and to the inter- 
ference due to the end-contraction filaments of flow crossing each other 
in the middle of the notch section. The formula 

G-..S93«^. + 35^) 

was found to give discharge values consistent with the curve plotted from 
experimental data for the 0.5-foot notch. The use of such a notch is 
very limited, and the 90® triangular notch is as accurate and much more 
satisfactory. 

Comparison op the Francis Formui,a and the New Formui^a 

The discharge values obtained for rectangular notches by the Francis 
and the new formulas are shown in graphic form in figure 7 and in tabular 
form in Table III. 

27466^—16 2 
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The curves aud Table III show that except for a small range of heads 
on the 4-foot notch the discharges computed by the Francis formula are 
too sm^. The actual discharges, however, where the head did not 
exceed one-third of the length of the crest, did not vary much from those 
computed by the Prands formula and support the statement of Prands 
that his formula would give discharge values correct to withm 2 per cent, 
provided the head does not exceed one-third the length of the crest. 
Neverthdess the fact that the curves plotted from the experimental 
data have no sudden breaks or changes of direction shows that no limit 
need be placed upon the head, provided the proper formula is used to 
compute the disc^ge. It also shows that the necesdty of the limit on 
the application of the Prands formula was due to the mathematical 
shortcoming of the formula and not to any peculiarity inherent in the 
rectangular notch. The new formula not only gives greater accuracy 
within the range of the Prands formula but also permits the accurate 
measurement of discharges with the heads exceeding one-third the length 
of the crest. The maximum limit of the ratio of the head to the crest 
length with the new formula has not been ascertained, the greatest ratio 
experimented with bdng i to i with the i-foot notch. The parts of all 
the curves showing the discharges with higher heads, however, were 
quite consistent in all cases with the rest of the curves. A head of i foot 
was run over a 0.5-foot notch, but the results were inconclusive, as the 
discharges through the 0.5-foot notch do not follow the general formula. 

The new formula is more complicated than the Prands formula, but 
gives discharge values which are more accurate within the limits of these 
experiments, and dnee tables are generally consulted to determine the 
flow that is passing through a notch, the practical disadvantage of the 
new formula is largely overcome. If one is obliged to use a formula in 
the fidd for computing the discharge, an approximation usually is suffi- 
dent, and the Prands formula gives discharges suffidently accurate for 
practical needs. 

Straight-uns Forhuiji 

As stated on page 1059, it was found, when the e3q>erimental data for 
the rectangular notches were plotted logarithmically, that a general 
straight-line formula could be deduced which, within the range of the 
experiments, would give discharge values as dose to the plotted values 
as did the general formula deduced above. The equations for the straight 
lines best representing the discharges with the given heads through the 
different notches were found to be as shown in Table IV. 




Mar. 6, X9z6 


Flow through Weir Notches 


1071 


TablQ IV . — Equations for straight lines representing discharges through rectangular 

weir notches 


toiKth ol crest. 

Equations of line. 

Feet, 

1- 0055 

1. 5026 

2. 0057 

2. 9970 

4- 0056 

Q=i.ojSUP-*^ 

j2=3.io6£,H‘“» 

e= 3 .tS 4 Z.H*«" 

G=3.I72LH>-«» 


The coefficient values (Q in the above equations were plotted 
(fig. 8) against the lengths of crests (L), and the exponent values 



(n) were plotted (fig. 9) against the lengths of crests (L). Average 
straight lines drawn to represent the points were found to have the 
equations C « 3.o78L'*®2* and tt** 1.46-f 0.003L. 

Substituting these values of C and n in the equation the 

formula for the discharge through rectangular notches was found to be 

This formula gives discharge values that agree within a maximum of 
0.7 per cent with the values indicated on the curves plotted from the 
experimental data, but the average variation is only 0.26 per cent. 

Table V gives the discharges through the notches used, computed by 
the curve and by the straight-line formulas, also the valu^ indicated on 
the curves plotted from the experimental data. 
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Tabz«]S V •’-^Discharges (in cubic feet per s&iond) for rectangular notches as shown by 
: curves blotted from experimental data, and discharges computed by curve and stradght-Um 
formulas 


Head. 


Fsst» 

0.2 

.3 

.4 

.S--‘ 

. 6 .... 

. 7 ...- 

. 8 .... 

S.O 

X. z 

X. 9 

*•3 


z.oojS'foot notch. 


0.993 

•S 3 * 
.806 
X. IIS 
X- 459 

X.834 

«• 933 
9.660 
3- *03 


0.993 

.S3<H 

.808 
x. Z90 
X. 46a 
X. 830 
a. 9331 
9. 639 
3- 076 


0.994 

• 539 
.811 
Z.I 93 

2.467 

Z.838 

9.935 

9. 655 

3 * 097 


i.5036*foot notdi. 


x.'68o 
9. 195 
9. 755 
3<3S4 
3 -l‘“ 
4.664 
5.370 
6. 133 
6.903 


0.440 

.797 

X. 9x7 
X. 688 
9. 305 

а. 76X 
3* 357 

3.987 

4.650 

5.346 

б. 068 

6. 819 


0.449 

.80X 
z. 330 

z. 693 

9. 3X0 

а. 770 
3- 368 
4.003 
4.670 
5.369 

б. 099 
6.857 


3 .oo 57 -foot notch. 


0.593 
X. 079 
1. 640 
9. 967 
9.969 
3.7*8 

4. 5*9 

5.367 

6. 338 
7.190 


O. S 90 | 
1.07X 

1.63s 
9. 968 
9.964 

3 7*6 

4.5*9 
5.369 
6. 965 
7.905 


8.174 8.181 

9.193 9. *961 


0. 593 

1. 074 
1.637 

9. 971 

9.9^ 
3. 719 
4.523 
5.37s 

6.973 

7.914 


9.997-foot notch. 


a 890 
1. 61 7| 
9.461 

3.4** 

4.474 

5.595 

6 . 795 
8.090 
9.433 
xa866 


8 . 195 * 9 . 356 
9. 915 *3. 876 


X. 610 
3.463 
3.418 
4.470 
5.60s 
6.831 
8 . iiol 
9. 467I 
1*0. 893 
ia. 374 | 
13. 9*8 


0.889 

1. 613I 

3.461 

3.416 

4.46s 
5. 600 
6.814 
8. 101 

, 9.457 

10. 878 

19 . 361 

13.903 


4.0056.100! notdb.' 


X. X 94 
9. 163 
3.302 
4.594 

6.0X3 

7.53a 

9. *57 
10.9x0 

19 . 706 

I14. 642 
16 666 


*89 

z6i 

304 

589 

004 

533 

*7* 

906 

734 

656 

653 


X. Z90 
a. x6a 
3.30a 

4.585 
5.997 
7. Sa4 
9. *56 
xa 899 

19 . 730 

1*4. 635 

*6. 635 


In locating the straight lines on the logarithmic plot, it was found that 
the points for the 1.0055-foot notch could be covered quite closely by 
three straight lines approximately equal in length. The same was 
approsdmately true of the points for the 1.5026-foot notch. Only two 



straight lines each, however, were required for the 2.0057-foot and 2.997- 
foot notches, although a third could be assumed near the upper part of 
the curves in each case. For the 4.oQs6-foot notch there was only one 
point of change, and it was well above the middle of the curve. These 
facts indicate that had lai^e enough heads been run on the longer notches 
to give the same ratio of length of crest to head as was obtained vnth tiie 
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i-foot notch, an equal number of lines would have been required to cover 
the points. If a single straight line is taken to represent the discharge 
curve, and it is placed to represent best the discharges with the lower 
heads, as was done above, the part of the true discharge curve for the 
higher heads diverges rapidly from the straight line. The curve formula 
takes account of the law of variation of the discharge curves better than 
does the straight-line formula, and, consequently, it appears that it will 
pve closer values for the higher heads and for longer notches than those 
experimented with. 

The straight-line equation for the 0.5-foot notch was found to be 
e=i. 566 H‘®«. 

This equation was found to give discharge values within approximately 
I per cent of the values indicated on the curve plotted from the experi- 
mental data. 

CIPOIXBTTI NOTCHES 

With notches having side slopes of one horizontal to four vertical, 219 
tests were made. The actual crest lengths used were 0.50062 foot, 1.0050 
feet, 1.5028 feet, 2.0002 feet, 3.0011 feet, and 4.0058 feet, respectively, 
and these lengths were used throughout the following calculations. 

Derivation op the Formui.a 

The difference between the areas of a Cipolletti and a rectangular notch 
with equal crest length is the area of a 28° 4' (approximately) triangular 
notch — that is, one having one to four side slopes. It was found, however, 
that the discharges through such a notch (see Table X) with a given 
head did not exactly equal the difference between the discharges through 
a rectangular and a Cipolletti notch with equal crest lengths and the 
same head. While the differences between the discharges through the 
Cipolletti and rectangular notches increase with the head for all crest 
lengths, there was no regular increase or decrease in the differences in 
the discharges with increases in the crest lengths so long as the heads 
were less than approximately 0.8 foot, but for higher heads the differences 
in discharges decreased as the crest lengths increased. The comparison 
of the differences is very unreliable for heads as low as 0.2 or 0.3 foot. 
The discharges through the 28° 4' notch are greater than the differences 
between the discharges of the Cipolletti and rectangular notches for 
all heads up to approximately 2.5 feet, the percentages of excess de- 
creasing with the increases in head and equaling zero with a head of 
approximately 2.5. 

The differences between the discharges through the rectangular and 
GpoUetti notches for each of the crest lengths were determined from the 
curves plotted from the experimental data and an average made for each 
0.1 foot of head. These averages were then plotted logarithmically 
against the head, and the equation of the curve representing the differ- 
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eooe in discharge was found to be By adding the term 

.€09/7**' to the general formula for dischai^es through rectangular 
notches (page 1064), the general formula for discharges through Cipolletti 
notches was found to be 

e-3.247LH‘“-(7^^)i^'"+o.6o9fP« 

This formula gives discharge values for i-, 2-, 3-, and 4-foot 

notches that agree within 0.5 per cent of the values indicated on the curves 
plotted from the experimental data, except for the lower heads on the 
I -foot notch, where the maximum discrepancy, owing to the small dis- 
charge, is approximately per cent. The discrepancies are positive in 
some cases and negative in others. (See Table VII for discharge values 
indicated by the curves plotted from the experimental data and discharge 
values computed by the formulas.) 

Table VI gives the discharge values for Cipolletti notches of different 
lengths computed by the new formula. 

Tabi«9 VI. — Discharges (in cubic feet per second) through Cipolletti weir notches^ 


Head. 

i-foot crest. 

xMrfoot crest. 

9 -foot crest. 

3-foot crest. 

4-foot crest. 

F«l. 

Inches , 



a 60 



a 30 


0.30 

0.45 

0.90 

X. 30 

• 31 

9 }i 

•32 

• 48 

.64 

•97 

X. 29 

.33 

3 j^ 

• 35 

•52 

• 69 

x.04 

1.38 

•23 

sK 

•37 

•55 

•74 

I. XX 

X- 47 

.34 

aX 

•39 

•59 

•79 

X. x8 

X- 57 


3 , 

.42 

•63 

• 84 

I- 2$ 

X. 67 

• 26 

zH 

•45 

• 67 

.89 

1 - 33 

X. 77 


zK 

•47 

•71 

• 94 

X. 40 

1.87 

• 38 

zH 

•50 

•75 

•99 

X. 48 

X. 97 

.39 

zH 

•S 3 

•79 

Z.04 

X. 56 

3.08 

• 30 

zH 

•56 

•83 

x. xo 

Z.64 

3. X 9 

• 31 


•59 

•87 

I- 15 


2. 30 

•32 

zn 

• 6z 

• 91 

X. 3 X 

X. 8z 

3. 41 

•33 

18 

4 t» 

• 64 

•95 

1.37 

1.89 

2. 53 

•34 

.67 

X. 00 

X. 33 

X. 98 

3.64 

•35 

4A 

.70 

X.04 

I. 38 

3.07 

3. 75 

•36 

4* 

•73 

x,09 

X.44 

3 . XO 

3. 87 

•37 

4 * 

•77 

I- 13 

I. SO 

3 . 35 

2.99 

•38 

4* 

.80 

. I. iB 

1-57 

2* 34 

3 * XI 

•39 

4 tt 

•83 

1. 23 

1.63 

2.43 

3 * 24 

• 40 

4-|4 

•87 

1. 38 

X. 69 

2.53 

3.36 

.41 

1 4^ 

.90 

1.32 

I. 76 

3.03 

3*49 

• 42 

S'nr 

•93 

1-37 

X. 83 

3 . 73 

3 * 8 z 

•43 

sA 

•97 

1.42 

1. 89 

3 . 81 

3-74 

• 44 

sH 

X. 00 

X.47 

95 

3 . 91 

3-87 


»C5aiiiimtedby thefoiTOulafi^ 
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Tabi^S VI . — Discharges {in cubic feet per second) through Cipolletti weir notches — Con. 


Head. 


x-foot crest. 

xK-foot crest. 

a-foot crest. 

a-foot crest. 

44oot crest. 

Feet. 
a 90 

Inches. 


3-09 

4*45 

S.8a 

8.59 

11. 36 

.91 

zoj 

lI 

3 * 15 

4-53 

5 - 9 » 

8-73 

II. SS 

.9a 


3. ao 

4. 60 

6. oa 

8.88 

11.74 

•93 


3. a6 

4.68 

6. Z3 

9*03 

11.94 

•94 

IIX 

3 * 32 

4.76 

6. 33 

9.17 

13 , 13 

•95 

IIH 

3-37 

4.84 

6-33 

9 - 32 

12. 33 

.96 

irj^ 

3-43 

4.9a 

6.44 

9 * 47 

12. 53 

•97 

tiH 

3*49 

5-00 

6. 55 

9. 6a 

za. 7a 

.98 


3 - SS 

5*09 

6.64 

9.78 

za. 9a 

•99 

iin 

3. 61 

5*17 

6-75 

9*93 

13- 12 

z. 00 

za 


3-67 

5 * 25 

6.86 

zo. 08 

13 - 32 

I. 01 



5 - 33 

6. 96 

zo. 34 

13 * 53 

I. oa 

layi 


5-42 

7.07 

zo. 40 

13 - 73 

1.03 

zafi 


5 * 50 

7. 18 

10. SS 

13-94 

1.04 

laK 


5 * 59 

7. 29 

ZO. 7 z 

14 - IS 

1.05 

zaf^ 


S- 67 

7.40 

zo. 87 

14.3s 

z. 06 

12K 


5-76 

7 - SI 

11.03 

14 - S8 

z. 07 

zai 

t 


S -84 

7. 63 

zz. 19 

• 14.77 

Z.08 

za| 

i 


S -93 

7 - 73 

11-35 

14.98 

Z.09 

13* 


6. oa 

7.84 

11.51 

15. 19 

z. zo 




6. zz 

7.96 

II. 68 

15. 41 

z. zz 


't 


6. ao 

8. 07 

iz. 84 

15.62 

z. za 


I 


6. 39 

8. 18 

za. 00 

15- 83 

I- 13 

I 3 f 



6.3S 

8. 39 

za. 16 

16.04 

z. Z 4 

i 3 i 



6 . 47 

8. 4z 

12 . 33 

z6, 26 

I- IS 

i 3 f- 



6. 56 

8.53 

za. 50 

z6. 48 

z. z6 

w 

\ 


6.65 

8.65 

za. 67 

16. 70 


14 -^ 

t 


6. 74 

8. 76 

za. 84 

16.93 

z. z8 

14 -^ 

r 


6.83 

8.88 

13. 01 

17- IS 

z. Z9 

I4X 


6-93 

9. 00 

13. 18 

17- 37 

z. ao 

I4H 


7. 03 

9. za 

13.35 

17. 59 

z. az 

I 4 >^ 


7. II 

9.34 

13. 52 

17 . 8z 

z. aa 

14H 


7. 30 

9-36 

13.69 

18.03 

1. 23 

14M 


7 - 30 

9.48 

13- 87 

z8. a6 

I. a 4 

* 4 ?« 


7.40 

9. 60 

14.04 

18.49 

I* 25 

IS 

1 


7-49 

9.72 

14. az 

18. 71 

z. a 6 
z. a 7 
z. a 8 
z. a9 

1 . 30 

I- 31 

1. 32 

I- 33 
x -34 

ISK 

*sK 

I 




14. 39 
14.56 

14. 74 
14. 92 

15. II 
15- 29 
15-46 
15.64 
15.82 

18.94 
19.17 
19. 41 
19.6s 

19.88 

20 . Z 2 
flo. 3 j 
aa 58 
aaoa 
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Tabxj( VI . — Discharges {in cubic feet per second) through Cipolletti weir notches — Con. 



The discharges through the Cipolletti notch, having a nominal crest 
length of 0.5 foot, did not follow the same law as those through the longer 
notches, possibly for the reasons noted on page 1067 for the 0.5-foot rec- 
tangular notch, and the use of such notches should be discouraged in 
favor of the 90® triangular notch, which measures small discharges more 
accurately. 

The following formula represents the flow through the 0.5-foot Cipol- 
letti notch, but is stated here only for technical reasons: 

e = i.593H‘“»(i +g3^)o.587H»« 

Comparison op th« Ccpollktti Formula and th« Nbw Formula 

The discharge values computed by the Cipolletti and new formulas 
are shown in graphic form in figure 10 and in tabular form in Table VII. 
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Pischdi^e In cu&lc feet per second. 

lo.— C^cs showing disdiarges through Cipolktti wdr notdies of differott kngths. 


TabItS VII . — Compofisan cf discharges through trapezoidal notches with side slopes of 1:4 computed by the Cipolletti formula and by the new formula. 
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The curves and the table show that with heads less than one-third 
the length d the crest the Gpolletti formula gives discharge values within 
1.5 per cent of the actual discharges, therefore being somewhat more 
accurate than the Francis formula. The new formula, like the new 
formula for the rectangular weir, is not only more nearly accurate than 
the old formula, but also permits the use of heads greater than one-third 
the crest length. The maximum limit of the ratio of the head to the crest 
length was not ascertained, but the parts of the curves for the higher heads 
are consistent, there being no sudden breaks or changes of direction. 

The new formula is more complicated than the Cipolletti formula, but 
because of its greater degree of accuracy it should be used in computing 
tables. The Gpolletti formula, however, is sufficiently accurate for field 
computations where only approximate discharge values are required. 

Gpolletti notches do not give discharges proportional to the lengths 
of the crest, as has been commonly claimed, and consequently notches 
of this type have no advantages over' rectangular notches (seep. 1098). 

FoBifuiiA Basso on xhs Sisaioht-Lins FoRinn,A sor Rsctanoular Noicass 

The difference between the discharges computed by the new rectangular- 
notch formula and the discharges taken from the curves plotted from the 
experimental data for the Gpolletti notches were determined for each 
o.i foot of head for the several lengths of notches. These values were 
then plotted logarithmically against the heads, and the equation of the 
average straight line representing the difference in discharge was found 
to be D=.6H**. By adding the term to the general formula 

for discharges through rectangular notches (p. 1071), the general formula 
for discharges through Gpolletti notches was found to be 

Q - + 0.6H** 

This formula gives discharge values that agree within a maximum of 
I per cent of the values indicated on the curves plotted from the experi- 
mental data, but the agreement is within 0.5 per cent for all but a very 
few p<nnts. 

Table 'VIII gives the discharges through the notches used, computed 
by the tiVo formulas deduced for the Gpolletti notches, and the dis- 
charge values indicated on the curves plotted from the experimental 
data. 
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Tabi«9 VIII . — Discharges (in cubic feet per second) for Cipolletti weir notches as shown 
by curves plotted from experimental data, and discharges computed by formulas on 
pages 10^4 and 1080 



The differences between the discharges through the 0.5-foot Cipolletti 
notch obtained from the curves plotted from the experimental data and 
the discharges computed by the formula for the 0.5-foot rectangular 
notch were determined and plotted logarithmically against the heads. 
The straight line representing these differences has the equation 
£>=o. 56H**“. By adding the term 0.56//*’“ to the formula for the dis- 
charge through the 0.5-foot rectangular notch, the formula for the dis- 
charge through a 0.5-foot Cipolletti notch becomes 

0=i.566H»*®^-fo.56//*-“ 

NOTCHES WITH SIDE SEOPES OP I TO 3 AND I TO 6 

Experiments were made with notches having crest lengths of 2 feet 
and side slopes of i to 3 and i to 6, respectively. Since notches of only 
one length were used in each set of experiments, no general equations 
were deduced for notches of these types. The discharges obtained in 
the experiments for heads over 0,4 foot are shown graphically in figure 
II. Discharges with heads less than 0.4 foot are approximately the 
same as those given in Tables II and VI. 
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TRIANGULAR NOTCHES 

General theoretical formulas have been given for triangular notches 
(7, p. 46; 8, p. 168), and experiments with a 90® notch have been made 
by Thomson^ (12, p. 181; 13, p. 154) and Barr.* In the Fort Col- 
lins laboratory 98 tests were made with heads ranging from 0.2 foot to 
1.35 feet on weirs having triangular notches of 120°, 90°, 60®, 30® and 
approximately 28® 4'. The side slopes for the last-named notch are i 
horizontal to 4 vertical, and the tests were made with the idea that they 
might be of use in deriving a formula for discharges through Cipolletti 
notches. 

Derivation of Formulas 

The discharges through the different notches when plotted logarith- 
mically gave straight lines, as shown in figure 12. The equations for 
these lines were found to be as shown in Table IX. 

Table IX . — Equations for straight lines representing discharges through triangular 

notches 


Notch 

angle. 

Slope of 
sides, 
horuontal 
vertical. 

Eauation of line. 

120® 

90 ° 

60® 

30 ° 

28®4'« 

I- 732 

I. 000 

•577 
.268 
. 250 

j2=4.4OoH2‘«70 

0=0. 6848 H 2 -"*^« 
0 =o. 64 O 5 // 2 '‘‘^“ 


“Approximate. 


The discharging streams had a free fall in all the tests except those for 
the 120® notch. The upper portion of the stream over the 120® notch 
adhered to the edge of the notch for a distance of approximately o.i 
foot, the distance being quite uniform for all heads. The sides and crest 
of the notch used were of brass one-fourth inch thick, and were dressed 
at an angle of about 45® to a thickness of about one thirty-second inch 
at the edge. As the amount of adherence of nappe for the 120® notch 
depends upon the thickness of the edges of the notch, the use of such a 
notch is impracticable. 

The data for the 120® notch having been excluded, the general formula 
for the discharge through the triangular notches of 28® 4' to 90® was 
found to be 

Q = (0.025 + 2.462 S) H C ^ 

* The formula derived by Thomson for the 90? notch was (2—0.305//*^*, in which Q is in cubic feet per 
minute and H is in indies. 

* Barr found that with heeds d a to xo indies the coefficient C in Thomson’s formula varied 

from . 3 X 04 to .3995. Stxiddand found that Barr's coefficient C for any head could be oomputed from the 

formula C—o.aoor-l-^^?, k being in inches. 

27465®-.16 3 
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in which Q is the discharge in cubic feet per second, 5 is the slope of the 
sddes, expressed decimally, and H is the head in feet. 



No experiments were made with notches between 90® and 120°, but a 
study of the working of the 120® notch led to the conclusion that the 
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application of the general formula given above can be extended to 
notches having side slopes of i to 1.4 (109® approximately). 

Table X, computed by the new general formula, gives the discharges 
through notches of different shapes with heads up to 1.25 feet. 

Table X . — Discharges (in cubic feet per second) for triangular weir notches ^ 


Head. 

Notch angle 38*^ 4' 

Notch angle 30®. 

Notch angle 60®. 

Notch angle 90® 

Feet. 

0. 20 

Inches . 

2yi 

0. 012 

0.013 

0. 027 

0. 046 

. 21 


. 014 

•015 

•031 

.052 

. 22 


. 016 

.017 

•034 

.’058 

•23 

2H 

. 018 

. 019 

.038 

.065 

.24 

2j/i 

. 020 

. 021 

•043 

.072 

•25 

3 ^ 

. 022 

.023 

.047 

.o8o> 

. 26 

z'A 

. 024 

.025 

.052 

.088 

.27 

zA 

.026 

. 028 

•057 

. 096 

.28 

zH 

.029 

.030 

.062 

. 105 

.29 

3 ^ 

.031 

•033 

.068 

•IIS 

•30 

zH 

•034 

.036 

.074 

•125 

•31 


•037 

•039 

. 080 

.136 

•32 

3 tt 

. 040 

• 042 

.087 

.147 

•33 


.043 

•045 

.094 

•159 

•34 

4 A 

. 046 

• 049 

. lOI 

.171 

•35 


.049 

.052 

. 108 

. 184 

•36 

4 iV 

•053 

.056 

• 116 

.197 

•37 

4A 

.056 

. 060 

. 124 

. 211 

•38 

4A 

. 060 

• 064 

.132 

.225 

•39 

4 ii 

.064 

.068 

. 141 

. 240 

.40 

4 H 

.068 

• 073 ; 

.150 

•256 

.41 

4 « 

.072 

.077 

. 160 

. 272 

•42 

SA 

.077 

. 082 

.170 1 

. 289 

•43 

5 * 

. 081 

.087 

. 180 

.306 

•44 

sK 

.086 

.092 

• ^90 

•324 

•45 

sH 

.091 

.097 

. 201 i 

•343 

.46 

SA 

. 096 

. 102 

. 2X2 

.362 

•47 

sH 

. lOI 

. 108 

. 224 

.382 

.48 

sH 

. 106 

. 114 

.236 

.403 

•49 

sH 

! . 112 

. 120 

. 248 

.424 

•50 

6 

. 118 

. 126 

. 261 

.445 

•51 

6 A 

•123 

• 132 

•274 

.468 

•52 

6 A 

. 129 

.138 

• 287 

.491 

•53 

6 H 

. 136 

• 145 

.301 

•515 

•54 

6 A 

. 142 

• 152 

•315 

•539 

•55 

6 H 

. 148 

! • 159 

•330 

• 564 

• 5<5 


•155 

1 . 166 

•345 

.590 

•57 


. 162 

1 -173 

.360 

1 • 617 

•58 

7 r» 

. 169 

. 181 

•376 

.644 

•59 

. 176 

1 ,188 

•392 

' .672 


/ o.oa 95 '\ 

^ Computed by the formiUa (2*"(o.o25+3.46iS)H S®’’* / 
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Tabl^ X . — Discharges {in cubic feet per second) for triangular weir notches-^Qsmtmwd 


Head. 

Notch angle 98* 4'. 

Notch angle 30”. 

Notch angle 60**. 

Notch angle 90*.' 

Feet. 

O. 6o 

Indies. 

7 * 

0. 184 

0. 196 

a 409 

a 700 

. 6i 

7* 

.191 

. 204 

. 426 

•730 

. 62 

7 * 

.199 

• 212 

•444 

. 760 

*63 

7 * 

• 207 

.221 

. 462 

.790 

.64 

7 H 

.215 

.230 

. 480 

. 822 

•6s 

7 ff 

• 223 

•239 

•499 

• 854 

.66 

7 « 

.232 

• 248 

• 518 

.887 

.67 

8A 

• 241 

•257 

•S 37 

. 921 

• .68 

8A 

.250 

. 266 

•SS 7 

• 9 SS 

.69 

8>< 

•259 

. 276 

•S 78 

.991 

.70 

■m 

.268 

.286 

•599 

1.03 

•71 

8^ 

.277 

. 296 

. 620 

I. 06 

.72 

8f^ 

. 287 

• 306 

. 642 

I. 10 

•73 

8|^ 

.297 

•317 

. 664 

I. 14 

•74 

8;^ 

•307 

.328 

.687 

z. 18 

•75 

9 , 

•317 

•339 

. 710 

X. 22 

.76 

9 H 

•327 

•350 

•734 

I. 26 

•77 

9 X 

•338 

.361 

•758 

I* 30 

.78 

9 H 

•349 

•373 

. 782 

I- 34 

•79 

9 H 

• 360 

•38s 

. 807 

I- 39 

.80 

9 ^ 

•371 

•397 

•833 

1.43 

.81 


•383 

.409 

•859 

I. 48 

.82 

3 

•394 

.421 

• 885 

1. 52 

• 83 

.406 

• 434 

. 912 

I- 57 

.84 


.418 

•447 

.940 

1. 61 

•85 

loA 

• 430 

.460 

.968 

I. 66 

.86 

loA 

.443 

•473 

.996 

I. 71 

,87 

loA 

• 456 

• 487 

I. 02 

I. 76 

.88 

loA 

.469 

.501 


I. 8x 

.89 

loH 

.482 

•515 

1.86 

.90 


•495 

•529 

I. II 

I. 92 

.91 

•509 

• 544 


1. 97 

.92 


.522 

• S58 

1. 18 

2. 02 

•93 

iiA 

• 536 

•S 73 

I. 21 

2. 08 

.94 


•SSI 

•389 

I. 24 

2. 13 

•95 


•S6S 

. 604 

I. 27 

2. 19 

.96 

iiK 

. 580 

. 630 

I- 31 

2.25 

•97 

iifi 

•S 9 S 

.636 

I- 34 

2.31 

.98 

1 iiK 

. 610 

.653 

I. 38 

2-37 

•99 


.625 

.668 

I. 41 

2.43 

I. 00 

12 

1 .641 

.685 

I. 45 

2.49 

z. 01 

I2>^ 

.656 

. 703 

I. 48 

2-55 

1. 02 

I2K 

. 672 

.719 

I- 52 

2. 6x 

1.03 

I 23 /| 

.688 

•736 

I. 

2.68 

1. 04 


•705 

• 7 S 4 

^•59 

2. 74 

1.05 

I2H 

. 722 

.773 

1.63 

2. 8x 

I. 06 

I2K 

•739 

.790 

1. 67 

2.87 

I. 07 

laH 

•756 

.808 

I. 71 

2.94 

X. 08 

12H 

•773 

.827 

I- 75 

3.01 

1.09 

13 * 

.791 

. 846 

1. 79 

3.08 
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Ta81«9 X . — Discharges (in cubic feet per second) for triangular weir notches — Con. 


Head. 

Notch angle 4'. 

Notch angle 30“. 

Notch angle 60**. 

Notch angle 90”. 

Feel. 

Inches. 





X. to 


0. 809 

0.865 

1.83 

3 - IS 

X. II 

13A 

. 827 

.884 

I. 87 

3- 23 

1. 13 

13A 

• 845 

.904 

I. 91 

3 - 30 

I- 13 

13A 

. 864 

.924 

I. 96 

3-37 

X. 14 

* 3 H 

.88a 

•944 

2. 00 

3-44 

I- 15 

i 3 ff 

. 901 

.964 

2. 04 

3 - 52 

X. 16 

I3H 

. 921 

• 985 

2. 09 

3 - 59 

1. 17 


.940 

I. 01 

2. 13 

3* 67 

1. 18 

I4A 

. 960 

1.03 

2. 18 

3 - 75 

1. 19 

14X 

. 980 

I. os 

2. 22 

3.83 

I. 20 

uH 

X. 00 

I 07 

2. 27 

3 - 91 

I. 21 

W/i 

I. 03 

1.09 

2. 32 

3 - 99 

I. 22 

nH 

I, 04 

I. II 

2. 36 

4. 07 

I- 23 

uH 

I. 06 

1. 14 

2. 41 

4. 16 

I. 24 


I. 08 

1. 16 

2. 46 

4.24 

1*25 

15 

I. II 

I. 19 

2. 51 

4 * 33 


Although weirs with triangular notches are well suited to a compara- 
tively wide range of discharges, they are especially well adapted for the 
measurement of small discharges and may be used to measure accu- 
rately quantities so small that they would not pass through trapezoidal 
or rectangular notches without adhering to the crests. The use of weirs 
with triangular notches requires slightly more fall than is required with 
trapezoidal or rectangular notches — that is, a head of 2 feet is required 
to deliver approximately 14 cubic feet per second through a 90® triangular 
notch, while the same discharge would be delivered through a 3-foot 
rectangular notch with a head of 1.31 feet, or through a 4-foot rectangu- 
lar notch with a head of i .07 feet, 

Weirs with 90® notches are simpler in construction than any other 
type of weir and are the most practical type for small or medium-sized 
discharges. ‘The approximate formula gives discharge 

values for 90° notches, which agree very closely with the values obtained 
with the general formula. 
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Comparison op New Formula and Old Formula 

The discharges for the 90“ notch computed by the new and the old 
formulas are compared in Table XI: 

TablR 'XI.— Comparison of new formula and old formula 



Discharge 
computed by 
new formula 
(cubic feet per 
second). 

Discharge cmnputed by old 
formula, (2—2.53^'*. 

Head. 

Discharge in 
cubic feet per 
second. 

Percentage of 
discharge com- 
puted by new 
formula. 

Feet 

0. 20 

0. 046 

0.045 

97.8 

•33 

•159 

.158 

99-4 

•50 

•445 

•447 

100. 4 

.67 

. 921 

•930 

lOI. 0 

.85 

I. 66 

I. 69 

loi. 8 

I. 00 

2.49 

2. 53 

loi. 6 

I- 2$ 

4. 33 

4-42 

102. I 


As no experiments have been made in the past to determine the coeffi- 
cients in general formulas for notches of 28° 4', 30°, or 60°, no compari- 
son could be made with the discharges through sudi notches computed 
with the new formula. 

CIRCULAR NOTCHBS 

Apparently no experiments have ever been made with circular or semi- 
circular notches placed in a vertical position vdth heads less than the 
height of the opening. In order to throw light upon the probable dis- 
diaiges through such notches and obtain data to use in determining the 
flow through circular head gates when acting as weirs rather than as 
orifices, 50 tests were made with thin-edged circular notches, 17 being 
with a notch 0.4995 foot in diameter and 33 with a notch i .0025 feet in 
diameter; and 34 tests were made with semicircular notches, 15 being 
with a notch 1.5011 feet in diameter and 19 with a notch 1.9990 feet in 
diameter. The discharge data obtained are shown graphically in 
figure 13. 

CONDITIONS OF NOTCH EDGES REQUIRED TO INSURE FREE FLOW 

The impression is common that the terms “thin edges” and “sharp 
crests,” as applied to weir notches, mean knife edges. Such edges are not 
necessary, and the edges are sufficiently sharp or thin if the upstream 
comer of the notch edges is a distinct angle of 90° or less and the thick- 
ness of the notch edges is not so gre^t that the water will adhere to them. 
The allowable thickness of the edges depends upon the head that is being 
used. Experiments made in the laboratory with notches having edges 
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H inch thick showed that while water would adhere to the notch edges 
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with a head of 0.15 foot, there was no adherence with heads of 0.2 foot 
and over. 
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Notches with angles made as pred^ly as those used in the test would 
not be practicable for field use, and consequently a maximum thickness 
of yi inch probably would be safer than yi inch where heads as low as 
0.2 foot will be used. While no experiments were made, edges as thick 
as inch probably can be used where the minimum head will be i foot. 

The edges of the weir notches must be straight, true, and rigid. These 
conditions are best insured by using angle irons or similar material that 
can be securely fastened to the bulkheads, as wood edges become splin- 
tered and warped, and thin sheet-metal weir plates buckle and ^nd 
easily. Regardless of the material used, the notches will be more 
permanent and reliable if the upstream comers of the notches are made 
definitely angular and the edges are left as thick as possible and still 
permit a free flow. 

DISTANCE FROM NOTCH AT WHICH HEAD SHOULD BE MEASURED 

In connection with the experiments with notches of different types, 
measurements were made to determine the transverse and longitudinal 
curves of the water surface upstream from the weirs when different heads 
were being used. These measurements showed that the extent of the 
curves backward from and to the sides of the notches depends upon the 
length of the crest and the head being used. Plots of the data obtained 
show that measurements of head should be made either at a distance of 
at least 4// upstream from the notch or at a distance of at least 2H side- 
wise from the end of the crest of the notch. 

Table XII gives the errors and the percentage of error made in com- 
puting discharges for notches of different shapes and sizes with different 
heads caused by errors of o.oi foot in reading the heads. 


Table XII . — Errors and percentage of error in computed discharges caused by 0,01 foot 

error in reading the heads 
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Table XII, — Errors and percentage of error in computed discharges caused by 0,01 foot 
error in reading the heads — Cbntinued 


CIPOLLEm WEIRS 





Error. 



Correct 






Head. 







x-foot crest. 

iH-foot crest. 

9 -foot crest. 

3 -foot crest. 

4 -foot crest. 


Cu.fi. 

Cu.fi. 

Ct*.//. 

Cu.fi. 

Cu. ft. 

Feet. 

per sec. Per ct. 

per sec. Per ct. 

Per sec. Per ct. 

per sec. Per ct 

per sec. Per ct. 

0.90 

0 . 099 7. 3 

0. 034 7. 6 

0.045 7 -S 

0. 068 7. 6 

0.09 7.5 

.30 

.oaS 5.0 

.041 5.0 

•055 5-0 

. 089 5. 0 

.IX 5-0 

.40 

• 034 3*9 

• os 3-9 

.07 4-1 

.09 3.6 

.Z 9 3.6 

•so 

.04 3.3 

.05 9 . 8 

.07 3-0 

.xz 3.1 

.14 3*0 

.60 

.04 9*5 

.06 9 . 5 

.08 3.6 

1 .19 3-6 

• IS 3.4 

.70 

. oj 9 . 4 

.07 9.3 

• 09 a. 3 

. X3 a. 3 

. z 7 2. 9 

.80 

.05 9. 0 


.09 1.9 

.14 X.9 

.18 x.9 

.90 

.05 X. 6 

! .08 X. 8 

.10 1. 7 

•IS 1-7 

• 19 I. 7 

x.oo 

.06 Z.6 

.08 X. s 

.xz 1.6 

•IS 1-5 

.90 I. 5 

X. xo 


.09 I. s 

.19 I. 5 

• 17 I. 5 

.21 z.4 

X. 90 


.09 1.3 

• za Z.3 

•17 1.3 

• 92 I, 3 

T. 




• 18 1. 3 

• Qjt T- ^ 

!• 3W 






X* 40 







1 




• 24 Z* X 


90 * TRIANGULAR WEIRS 





! 1 j 1 1 ..J !. . . 




i i ! 1 1 



Q 

' ' 1 1 ' 1 1 

1 * 00 

• W4| 

« 06 

2 4 

: 1 i 1 


« 00 


1 i i ! ' 


4 wy 

1 


i 1 1 1 1 1 


EFFECTS OF DIFFERENT END AND BOTTOM CONTRACTIONS UPON 

DISCHARGES 


RECTANGULAR AND CIPOLLETTI NOTCHES 

To determine the effect of different end and bottom contractions 
upon the discharges through rectangular and Cipolletti notches, 120 
tests were made with i-foot rectangular notches, 72 with 3-foot rectan- 
gular notches, 205 with i-foot Cipolletti notches, and 89 wdth 3-foot 
Cipolletti notches. Heads of 0.2 foot, 0.6 foot, and i foot were used with 
each notch. The end contractions (the distances of the sides of the 
weir box from the ends of the crest) and the bottom contraction (the 
distance of the bottbm of the weir box below the crest of the notch) 
for each notch were varied from 0.5 foot to 3 feet by increments of 0.5 
foot. The discharges under the different conditions were compared 
with those obtained with the standard weir box. The small error in the 
experimental determinations of the discharges with a 0.2-foot head 
caused such large percentages of error in the discharges that they were 
unreliable and so were not included. 

Figures 14 and 15 and Tables XIII and XIV show the percentages of 
increase in discharges and the velocities of approach with heads of 0.6 
foot and 1 foot under the different conditions of contractions. The 
equations of the curve are all of the general form, e=^a(V + 6)“, in which e 
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Fio. X4.— Curves showing effect of different end and bottom contracticHiis upon discharges through x^oot 
and 3''foQt rectangular notches with heads of 0.6 ax {4 i foot. Full ^ww end oontfactioiis; dotHtlaih 
lines show side contractions. 
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is the percentage of increase in discharge, V is the average velocity of 
approach, and a, ib, and n are constants for each size of each t3rpe of 
notch. 

TABi^a XIII . — Velocities of approach (in feet per second) and percentages of increase 
in discharges through rectangular notches caused by different end and bottom contract 
Hons 

HEAD. 0.6 FOOT 
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Table XIV . — Velocities of approach {in feet per second) and percentages of increase in 
discharges through Cipollettt notches caused oy different bottom and end contractions 

HEAD, 0.6 FOOT 



End 

con- 

trac- 

tions. 

x-foot notdx. 

iH-ioot notch. 

3 -foot notch. 

3-foot notch. 

4-foot notch. 

Bottom 

cootrac- 

tion. 

Veloc- 
ity o! 
ap. 

proadi. 

In- 
crease 
of dis- 
charge. 

Veloc- 
ity of 

prooch. 

In- 
crease 
of dis- 
charge. 

Veloc- 
ity of 
ap- 
proach. 

In- 
crease 
of dis- 
charge. 

Veloc- 
ity of 
ap- 
proach. 

In- 
crease 
of dis- 
charge. 

Veloc- 
ity of 
ap- 
proach. 

In- 
crease 
of dis- 
charge. 

FeeU 

Feei, 

\ 2.0 

0. 158 

Per ci. 
0.84 

0. 307 

Per ct. 
1.02 

0. 251 

Perct. 

X. 3 Z 

0.321 

Per ct. 
I - 45 

0-373 

Per ct 
z.6z 

xH 


. X96 

X.II 

•355 

1.38 

•304 

1.60 

•377 

I.95I 

• 429 

2. Z9 


1 x.o 

. 360 

X. 70 

•339 

2.08 

.381 

2.36 

• 4 S 4 

2-77 

•504 

3*03 


•S 

.400 

3-33 

.469 

3*83 

.518 

4. 20 

• 580 

4.66 

.6x7 

4-93 


f a.o 

.305 

•90 

•374 

1.25 

•331 

I- 5 S 

•42s 

3.05 

.493 

2-39 

z 

J i-S 

•357 

x.ao 

•335 

1-71 

.400 

2. 17 

.500 

2.83 

•569 

3-30 


1 i.o 

•344 

Z.84 

•434 

2.60 

• 501 

3-17 

. 607 

4.06 

.671 

4.60 


1 -5 

.539 

4.00 

. 6 a 3 

4*92 

.690 

5- 61 

•770 

6. 41 

.826 

6.98 



a.o 

.300 

X. IX 

•399 

z.Sx 

•487 

a. 42 

.625 

3-40 

•735 

4.09 

1*5 

•377 

I- 51 

.492 

3- 55 

•589 

3-44 

•737 

4 - 79 

.847 

5.80 


x.o 

•SOS 

2-39 

.636 

3-93 

•750 

5-30 

.908 

7.1S 

X.013 

8 39 


•S 

.78a 

6.03 

•93a 

8.02 

1-037 

9 43 

I-X 73 

XI. 28 

I. 363 

X2.4S 


HEAD. I FOOT 



a. 0 

0. 250 

1. 19 

0.322 

X.22 

0. 386 

1.24 

0.488 

X. 28 

0. s6t 

1.30 

a 

J-5 

•314 

1.52 

•397 

1. 70 

• 467 

X.84 

•575 

2.08 

.648 

a. 22 


1.0 

.423 

a. 40 

•514 

a. 80 

•590 

3 -xs 

.698 

3-62 

.769 

3-93 


•S 

.655 

6. x6 

.746 

6.4X 

.813 

6.6x 

.896 

6.88 

• 95 X 

7. OX 


f a.o 

.300 

1-34 

.388 

1.49 

•46s 

X.61 

•590 

1.82 

.680 

1.98 

iH 

1 

.378 

r. 78 

•477 

a. xo 

• 562 

a. 40 

.693 

3.85 

•78s 

3-17 


1 x.o 

.508 

a. 89 

. 62a 

3*53 

.714 

4.06 

.844 

4 * 79 

•937 

S- 3 X 


1 -5 

•795 

7. 29 

.906 

7-79 

.989 

8. z8 

1.094 

8.64 

X. 163 

8.95 


f a.o 

•374 

1.60 

•489 

a. 06 

.586 

2.44 

•758 

3-13 

.864 

3- 55 



1 *‘5 

.471 

a.ao 

.tex 

3.93 

. 710 

3- 55 

.888 

4-53 

1*003 

5 - 19 



.643 

3 - 76 

.787 

4-83 

.9^ 

5 - 73 

i-o83 

7.07 

X. 200 

7.93 


1 -5 

z.oio 

9. ao 

X -159 

xo. 38 

1. 271 

ZZ.08 

Z.410 

X2.09 

1-503 

12. 73 


a. 5 

.64 

3*3 

.8x8 

4.8 

.968 

6. 07 

x.ai 

8.07 

X- 39 X 

9-56 


a.o 

.508 

a. 30 

. 660 

3.64 

•799 

4. 87 

1. 013 

6-73 

X. 202 

8.39 

H 

*•5 

.640 

3.30 

.8x8 

4.80 

.969 

6.09 

X.210 

8.08 1 

X- 391 

9 - S6 


x.o 

.864 

5-40 

1-077 

7.58 

X- 258 

9-43 

i- 50 <? 

1 X- 9 S i 

1.688 

13- 8z 


•5 

X -390 

XI. 89 

1.605 

14.63 

I. 783 

16.85 

2.015 

19. 80 




Figure i6 shows the variation of the percentages of increase in the 
discharges through a i-foot rectangular notch, with heads of 0.6 foot and 
I foot as the ratio of the cross-sectional area of the weir box (A) to the 
area of the weir notch (a), decreased with the use of different end 
and bottom contractions. From these curves it will be seen that chang- 
ing the position of the sides of the weir box and leaving the bottom in a 
fixed position has a greater effect upon the discharges than leaving the 
sides fixed and moving the bottom. This indicates that end contractions 
have more effect upon the discharges than do bottom contractions. 
With end contractions equal to 2H and a bottom contraction equal to 
SH, or end contractions equal to j// and a bottom contraction equal to 
2H, the mean velocities of approach are about one-third foot per second 
and the discharges with medium to high heads do not agree closer than 
approximately i per cent with the discharges computed by the formula. 
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Fio. i6.*-*Cu3rve8 showing the effect of different ratios of cro8»Hiectional ami of the weir box (A) to the mrcle 
of the notch (o) upon discharges through a x-foot rectanspular notch with heads ctf 0.6 foot and s foot. 
Fuff lines show bottom contractions in feet; dot-dash lines show cud contractsens in feet. 
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This indicates that a mean velocity of one-third foot per second is allow- 
able where an error of i per cent in discharge is permissible. 

By superimposing upon the similar curves for Cipolletti notches the 
curves showing the effect of different end and bottom contractions upon 
the discharges through rectangular notches, it was found that the end- 
contraction distances for Cipolletti notches should be taken from about 
the middle point of the side of the notch instead of from the end of the 
crest, in order to make the results of the two types of notches comparable. 

Since the minimum bottom and end contractions possible without 
increasing the discharges beyond an allowable limit increase with the 
increase of the head run, weir boxes should be designed so as to give 
discharges within the allowable limit when the highest head intended 
to be lun over the notch is being run. Francis stated (5, p. 72 and 1 34) : 

In order that the end contraction may be complete, the sill and sides of the weir 
must be so far removed from the bottom and lateral sides of the reservoir (weir box) 
that they may produce no more effect upon the discharge than if they were removed 
a distance infinitely great. 

He concludes from his experiments than an end contraction of iH 
and a bottom contraction of 2H are the least permissible in order that his 
formula may apply. 

Smith (10, p. 120) gave the necessary end contractions as 3H. He 
also suggested (p. 122) that the effect of contraction should not be con- 
fused with the effect of velocity of approach, which is so commonly done 
in taking the term “complete contraction’* to include both the effect 
of contraction and the velocity of approach. Cipolletti (3, p. 23-24) 
accepted the results of the Francis experiments for end and bottom 
contractions. He also quotes a rule deduced by Lesbros from results of 
his (Lesbros’s) experiments, that both contractions should be at least 2.7 
times the depth of the nappe. Cipolletti (3), from the experiments of 
Francis (5), deduced the following: (i) When the end contractions 
equal 2H and the bottom contraction 3//, the bottom and side walls no 
longer have any appreciable effect upon the discharges through the notch. 
This condition, he states, may cause an increase of about 0.15 per cent 
in the discharge. (2) With end contractions of 1.5H and a bottom 
contraction of 2.5H the increase in discharge would be about 0.5 per cent. 
(3) With end contractions of iH and a bottom contraction of 2H the 
discharges will be increased about i per cent. He also takes account of 
the fact that the velocity of approach must not exceed a certain limit. 

The ratio of the cross-sectional area of the weir box to the cross- 
sectional area of the notch necessary for complete contraction has been 
given by Carpenter (2, p. 29) as 7. The coefficient using this expression 
of ratio was proposed by J. Weisbach* in 1845 and has been elaborated 
upon by a number of writers and experimenters (6, p. 312). Figure 16 
indicates that there is no fixed value of the ratio A to a which will insure 
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complete contraction in all cases. It also indicates that the value of 
such ratio should be greater than 7 in all cases, and that 15 probably 
would come nearer than 7 to meeting average conditions. 

EFFECT OF SUPPRESSING BOTTOM CONTRACTIONS WITH A 90*^ TRIAN- 
GULAR NOTCH 

In order to throw more light upon the question of the effect of bottom 
contractions upon discharges through triangular notches (9, p. 114-116) 
experiments were made with a 90® triangular notch with the floor of 
the weir box at the same level as the vertex of the notch. The width of 
the weir box used was 10 feet, being the same as that in the standard 
test with complete contractions, but in the standard test the floor was 
about 4K feet below the vertex of the notch. The discharges through the 
90® triangular notch with the bottom contraction entirely suppressed 
was found to be represented by the formula which varies 

but little from Thomson’s formula for the flow through a 90® triangular 
notch having complete bottom contractions. It is probable that some 
part of the increased discharge obtained when the floor was level with the 
vertex of the notch was due to the increased velocity of approach. The 
increase in the discharges amounted to 1.6 per cent with a head of i foot, 
but gradually diminished as the head was decreased. The percentage 
of increase with heads of 0.3 foot or over is represented by the formula 

£:=ioi.6//®-®'«-ioo. 

RELATION OF LENGTHS OF NOTCHES TO DISCHARGES 

The principal advantage claimed in irrigation practice for Cipolletti 
notches over other notches has been that the discharges are proportional 
to the crest lengths. This claim is not in accordance with the limitation 
put on the notch by Francis and Cipolletti, but has been very generally 
made in irrigation practice. The failure of this theory is shown in 
Table XV, in which the discharges through Cipolletti and rectangular 
notches of different lengths are compared with the discharges through a 
i-foot Cipolletti and a i-foot rectangular notch, multiplied by the number 
of feet in length of the notches. The percentages in the table represent 
the failure of the larger notches to give discharges proportional to their 
lengths. It will be seen from the table that rectangular notches give 
discharges which are more nearly proportional to their lengths than do 
Cipolletti notches. The percentages of error increase with the head and 
length of the crest until the discharge through a 4-foot Gpolletti notch 
with a I-foot head is 9.2 per cent less than four times the flow through 
a I-foot notch with a i-foot head, and the discharge through a 4-foot 
rectangular notch is 4 per cent greater than 4 times the discharge through 
a i-foot rectangular notch with a i-foot head. Side slopes of i to 4 arc 
therefore too flat and vertical sides are too steep to give disdbaiges 
proportional to the length of the crest. 




TablS XV . — Relation of length to discharge (in cubic feet per second) of weirs 



27466 °— 16 - 4 
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For the purpose of throwing light upon what would be the probable 
shape of a type of notch the discharges through which, with the given 
head, would be proportional to the crest length, the data obtained for 
the 2-foot rectangular, the 2-foot Cipolletti, and the 2-foot trapezoidal 



notches with side slopes i to 3 and i to 6 were plotted, a set of curves 
being made for each of the following heads: 0.4, 0.5, 0.6, 0.7, 0.9, and 
I foot (fig. 17). Lines A were obtained by plotting the actual dis- 
charges through the rectangular and Cipolletti notches with a given head 
against twice the discharges through i-foot notches with the same head. 
Since no experiments were made with i-foot notches having, side slopes 




Mar. 6. 19x6 


Flow through Weir Notches 


IIOI 


I to 3 and I to 6, it was assumed that similar plottings for such notches 
would lie on the same straight line as those for the rectangular and 
Cipolletti notches. Lines B pass through the origin and have a slope of 
45®. The discharges through a 2“foot notch with the various heads that 
would fulfill the condition of being twice the discharge through a i-foot 
notch with the same head must lie on this 45° line. Curves C were 
obtained by plotting the discharges through the 2-foot notches of dif- 
ferent shapes against the decimal expression of the side slope of the 
notches. 

In each set of curves the point of intersection with the C curve of a 
vertical line drawn through the point of intersection of lines A and B 
indicates the side slopes which are necessary With a given head in order 
that the discharge through a 2-foot notch shall be twice that through a 
I -foot notch. The slopes found expressed as ratios of the horizontal to 
the vertical distance are given in Table XVI and indicate that the sides 
of a 2-foot notch which would give twice the discharges of a similar 
I -foot notch with heads up to i foot at least must be curves and must 
approach the vertical as they go up. 

Table XVI , — Side slopes necessary in order that a 2-foot notch discharge twice the amount 

of water from a ifooi notch 


Head 

Slopes. 

Feet. 

I. 0 

I to 18. 5 

•9 

I to 18. 2 

•7 

I to 14. 7 

.6 

I to 12. I 

•5 

I to 6. s 

•4 

r to s- 25 ' 

. 2 

0 I to 4. 0 1 


Obtained from data for 0.2 head. 


No attempt was made to determine the exact shape of the sides of the 
notch. They would be so complex, however, that their construction 
would render impracticable the use of such notches on the farm. 
Because of the appreciable difference in the effects of contraction with 
notches of different sizes, a similar comparison of the discharges through 
larger notches with those through a i-foot notch would probably give 
results different from those obtained for the 2 -foot notch. 

SUBMERGED RECTANGULAR AND CIPOLLETTI NOTCHES 

A notch is said to be submerged or “drowned’’ when the water level 
on the downstream side is higher than the crest of the notch. To deter- 
mine the effect of submergence upon the discharges 757 experiments 
were made with the i-, 2-, 3-, and 4-foot rectangular and Cipolletti 
notches used in the free-flow experiments. The conditions on the up- 
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Stream side of the weir were those of the standard weir box — that is, 
the width of box was lo feet; the depth of the box 6 feet; and the dis- 
tance of the floor from the crest of the notches about 4K feet. A bulk- 
head was placed across the escape channel of the standard box, parallel 
to and about sH feet from the plane of the weir, thus making the spill 
box 10 feet wide, 5K feet long, and 4 feet deep, the floor being about 2}4 
feet below the crest of the notch. The height of the water in the escape 
channel was controlled by a steel head gate 20 inches square with a ver- 
tical slide set in the middle of the bulkhead about 0.5 foot above the 
floor, and by a 4-inch gate valve set near one end of the bulkhead, the 
finer regulation being made with this valve. The elevation of the water 
in the escape channel was determined by a hook gauge set in the concrete 
gauge box, which was connected with the escape channel by two i-inch 
pipes which entered near the floor line 3K f^^t from the plane of the weir. 

Several minutes were required to adjust the flow of the water before 
an experiment was started, but when the desired condition of flow had 
been obtained it was maintained without difficulty throughout the test, 
except when the head on the upstream side of the weir was high and the 
head on the downstream side was small. Under this condition the large 
volume of water flowing through the notch depressed the water surface 
immediately downstream from the notch. This was followed by a 
standing wave, and the resulting backlashing and surging in the escape 
channel caused intermittent pulsations in the hook-gauge still box. The 
errors, however, were largely compensating, as is indicated by the con- 
sistent curves obtained from the experimental data. 

The discharges with different heads through the different notches, with 
free flow and with different depths of submergence, were plotted (figs. 
18 to 25) with discharges in cubic feet per second as abscissas and the 
heads upstream from the weir as ordinates. Curves were drawn 
lowing the discharges with different heads upstream from the weir 
(H^) with varying differences [Hd) between the head upstream from the 
weir and the head downstream from the weir {Hb). The method of 
interpolating between the values given on the curves in figures 18 to 25 
is indicated by the dotted lines in figure 18 and is based upon the fact 
that Hjl^Hb+Hd^ The //d=o.i 5 line must pass through the points 
where the various Hb lines intersect the Ha lines and satisfy the equation 
Hji— i/s 0.15. The //s«o. 65 line would be located sixnilarly upon the 
points of intersection of the Ha and Hb lines. Interpolations for other 
depths of submergence can be made in the same manner by drawing Ha 
lines for other than even 0.05-foot heads. For the purpose of compari- 
son, the free-flow discharge curve is drawn with each set of submergence 
curves. 

A series of experiments was made to determine the effect upon dis- 
charges of changing the conditions in the escape channel from free flow 
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'^Dischar^e in cubic fbS per second. 

Fig, 18. — Curves showing the discharges through a x-foot rectangular notch submerged to different depths. head above weir; head below weir; 

effective head. 
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to submergence. In this set of experiments the head upstream from the 
wdr was made constant, but the conditions downstream were changed 
by stages in the runs from a free fall of 0.5 foot to a submergence of o.i 
foot. The discharges through this change of conditions remained the 
same within the limit of the ^perimental error — 0.5 per cent. The 



notches were all thin-edged, the cross section of the weir box in every 
case was large enough for full-contraction conditions, and the escape 
channel was wide enough to allow the sheet of water to expand laterally 
after passing through the notch. In none of the tests was the amount of 
submergence small enough to make it possible to determine whether 
the discharge is actually increased with the small amounts pf submer- 
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gence. For all practical purposes, however, it may be stated that the 
discharge is not materially £iffected unless the notch is submerged until 
H» is at least one-tenth of Ha. When Ha is one-eighth of Ha, the dis- 



diarge is decreased approximately 2 per cent; when it is one-fourth, the 
decrease is approximately 6 per cent; and when it is one-third, the 
decrease is approximately 9 per cent. These percentages vary some- 
what with the head. 
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SUMMARY 

(i) The discharges through rectangular and Cipolletti notches when 
plotted logarithmically do not give straight lines and therefore can not 
be represented correctly by a formula of the type Q=CLH^. It was 



found, however, in the case of the rectangular notches experimented with 
and the heads of water run, that a straight-line formula could be deduced 
that within the range of the experiments gave values quite close to the 
experimental data. 
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( 2 ) 


The formula 




566L1« 
+ 2 « 



gives discharge values for i-, 1.5-, 2-, 3-, and 4-foot rectangular notches 
that agree within a maximum of approximately 1.2 per cent and within 
an average of 0.28 per cent with the curves plotted from the experimental 
data. 

(3) The discharges through the 0.5-foot rectangular notch do not fol- 
low the same law as those for the longer notches. The formula 


gives values consistent with the curve plotted from the experimental 
data. 

(4) The Francis formula gives values within approximately 2 per cent 
of the actual discharges, so long as the head does not exceed one-third 
the length of the notch. 

(5) Within the limits of the experiments the formula 

^ Qgll .022 //(1.46+0.003L) 


gives discharge values for the i-, 1.5-, 2-, 3-, and 4-foot rectangular 
notches that agree within a maximum of 0.7 per cent, and an average 
of 0.26 per cent, with the values given in the curves plotted from the 
experimental data. 

(6) The formula gives values for the 0.5-foot rectan- 

gular notch that agree within i per cent with the curves plotted from the 
experimental data, 

(7) The curve-line formula for rectangular notches takes account of 
the law of variation of the discharge curves better than does the straight- 
line formula and, consequently, it appears that it will give closer values 
for higher heads and longer notches than those experimented with. 

(8) The formula 

gives discharge values for the i-, 1.5-, 2-, 3-, and 4-foot Cipolletti notches 
that agree within 0.5 per cent with the curves plotted from the experi- 
mental data, except in the case of the lower heads on the i-foot notch, 
where the maximum divergence is approximately i ^ per cent. 

(9) The discharges through the 0.5-foot Cipolletti notch do not follow 
the same law as those for longer notches. The formula 

e= i.S93H‘»»*(i + 83^5)+o-587^/^ 
represents' the discharges through such a notch. 
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(10) The Cipolletti formula gives discharge values within per cent 
of the actual discharges so long as the head does not exceed one-third 
the length of the crest of the notch. 

(11) The formula 


3.o8L^-®22//(i.4e+o.oosL) ^ o.6f/2«, 


which is based on the straight-line formula for rectangular notches, gives 
discharge values for the i-, 1.5-, 2-, 3-, and 4-foot Cipolletti notches that 
agree within a maximum of i per cent with the curves plotted from the 
experimental data, the divergences at all but a few points being 0.5 per 
cent or less. The formula for the 0.5-foot notch is 0 = 

(12) The Cipolletti type of notch does not give discharges as nearly 
proportional to the length of crest as does the rectangular type, conse- 
quently, since rectangular notches are simpler to construct and the 
formula for such notch gives as accurate discharge values as does the 
formula for Cipolletti notches, the rectangular-notch weir is to be 
preferred. 

(13) The general formula for discharges through triangular notches 
of from 28° 4' to 90°, and probably up to 109°, is 

( o.oi9S \ 

where H is the head in feet and 5 the slope of the sides. Triangular 
notches having side slopes greater than about i to 4 (109°) are impracti- 
cal, as the nappe adheres. 

(14) The 90® triangular notch is the most practical triangular notch 
and should be used in preference to either rectangular or Cipolletti 
notches for discharges up to approximately 3 cubic feet per second. The 
approximate formula 2 = 2.49//^'*® will give discharge values for 90® 
notches which agree very closely with the value obtained with the general 
formula for triangular notches. 

(15) The crest and sides of a weir notch need not be knife-edged. 
They are sufficiently sharp if the upstream comer of the edges is a dis- 
tinct angle of 90® or less and the thickness of the edges is not so great 
that the water will adhere to them. 

(16) The head should be measured upstream from the weir a distance 
of at least 4H, or sidewise from the end of the crest in the plane of weir 
a distance of at least 2//, 

(17) The distances required for full contractions with rectangular and 
Cipolletti notches are approximately 2//, but an additional cross- 
sectional area of the weir box is required to reduce the velocity of approach. 

(18) With end contractions equal to 2H and a bottom contraction 
equal to 3H, or end contractions equal to 3// and a bottom contrac- 
tion equal to 2H, the mean velocities of approach are about K 
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per second, and the discharges with medium to high heads do not agree 
more closely than approximately i per cent with the discharges com- 
puted by the formulas. 

(19) The average ratio of the cross-sectional area of the weir box (- 4 ) 
to the cross-sectional area of the notch (a) required to give discharges 
within I per cent of the values obtained with the formula is greater than 
7 and is probably near 15. 

(20) In order to make the results comparable with those for rectangu- 
lar notches, the end contractions for trapezoidal notches should be 
measured from about the middle point of the side of the notch, rather 
than from the end of the crest. 

(21) A notch which would give discharges proportional to the lengths 
of the notches would probably have curved sides, the slope decreasing 
with the head. 

(22) For all practical purposes, discharges through rectangular and 
Cipolletti notches are not affected until the notch is submerged to a 
depth equal to one-tenth the head upstream from the weir. Submergence 
equal to one-eighth the head upstream from the notch decreases the 
discharge approximately 2 per cent, that equal to one-fourth approxi- 
mately 6 per cent, and that equal to one-third approximately 9 per cent. 
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IDENTITY OF ERIOSOMA PYRI 


By A. C. Baker, 

Entomological Assistant, Deciduous Fruit Insect Investigations, Bureau of Entomology 

This paper has been written in order to reinstate the woolly aphis 
described by Fitch from apple (Malus spp.) roots, to point out its dis- 
tinctness from the woolly apple aphis (Eriosoma lanigerum Hausmann), 
with which it has been confused, and to place it among the species of the 
genus to which it properly belongs. 

In 1851 Fitch* described a woolly aphis under the name Eriosoma 
pyrV At the same time he described the work of what seems to be 
E, lanigerum Hausmann on apple. At the time of his original description 
Fitch evidently did not know of the genus Pemphigus. This is indicated 
from his remarks in his first report,^ for in the description in this publi- 
cation he is quite positive in placing his species in that genus. The 
description of the wingless forms agrees well, however, with lanigerum. 

The identity of pyri has for many years been in doubt, and the name 
has been referred to different species as a synonym. The writer,^ in his 
recent work on the woolly aphis, considered it to be lanigerum. This was 
based on two things: The description of the wingless forms, with the pos- 
sibility of abnormality in the winged form, and Gillette's statement in 
regard to the type. One fact, however, seems evident. The descrip- 
tions given by Fitch for his winged forms could not have been made from 
normal migrants of layiigerum. In fact, they could not have been made 
from winged forms of lanigerum at all. This is particularly true of the 
description in the first report. 

Fitch's original notes on the species are now in the writer's hands, and 
they throw some interesting light on the question. After describing the 
wings minutely, Fitch says: “The wings serec best to distinguish this 
species, and an exact figure of one or both of them will be the best illus- 
tration of it that can be given,*' and again, “Neuration of the wings 
identical with that of Myzoxyius imhri^aior.'' By 1871 Fitch had some 
feeling that his pyri might be a s^monym of lanigerum, for in his notebook, 
under October 1 1 of that year, he suggests such a possibility. He adds, 
“My winged lanigera from Dr. Signoret is a Pemphigus, the 3rd vein 
being simple, but not so abortive at its base, and has all the veins 
slender." 

' Fitch, Asa. Catalogue with references and descriptions of the insects collected and arranged for the 
State Cabinet of Natural History. In 4th Ann. Rpt. [N. Y.] State Cab. Nat. Hist., p. 68. x8si. 

(Report on the Noxious and Other Insects of the State of New York.] p. ?• /n Trans. N- Y. 
State Agr. Soc., v. 14, 1854, p. 7rf. 1855. Reprint, p. 7, Albany, N. Y., 1856. 

• Baker, A. C. The woolly apple aphis. U. S. Dept. Agr. OfBce Sec. Rept. loi, p, 13. 1915. 

* Gillette. C. F. Plant louse notes, family Aphididae. In Jour. Econ. Ent., v. a, no. 5, p. 352. 1909. 
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This much remains : Fitch was not sure that he was not dealing with a 
compound species in his apple-root form and his winged forms. This is 
shown by the following note: “Amyot describes Eriosoma lanigerumos 
producing excrescences. Can these small lice be that species, and the 
winged ones another species accidentally present with them?"’ 

I What Fitch suspected is, the writer believes, true, and Fitch described 
the winged form of one species and the work of wingless lanigerum. 

In the United States National Museum collection there is some material 
labeled **P. pyri Fitch, Type,” and mounted by Pergande from the Fitch 
collection. This proves to agree in every detail with the different descrip- 
tions of the winged forms given by Fitch. There seems good reason to 
believe that the material represents the specimens from which Fitch 
drew up his diagnosis. This is strengthened by the fact that the species 
occurs in the vicinity of Washington, D. C., and Vienna, Va., upon apple 
and upon pear (Pyrus spp.) roots. It is particularly common upon pear 
roots, and it occurs also upon Crataegus spp. and ash {Fraxinus spp.). 

Since this material seems to settle finally the standing of pyri, a descrip- 
tion is here given of the form based upon this material and upon other 
specimens collected mostly from pear roots. The form proves to belong 
to the genus Prociphilus, and in order to separate it from other species of 
the genus, descriptive notes and figures are given of the other species 
known to the writer. Particular stress is laid in these notes on the dorsal 
wax plates of the thorax, since these seem to prove good diagnostic 
characters. 

The writer has never seen specimens of Prociphilus crataegi Tullgren, 
and it may be possible that pyri and crataegi are the same, since the 
sensory characters are similar. There seems, however, to be considerable 
difference in measurements. The question as to their distinctness or 
identity can only be determined by a careful comparison of the two. 

It is possible, also, that venafuscus Patch may prove to be pyri. But 
in the specimens studied by the writer the sensoria are much more even, 
and pyri seems to lack the small, pointed projection near the base of the 
third segment of the antennae. 

The following description will, however, serve to place pyri: 

Prociphilus pyri (Fitch) 

Fall migrant (fig. i, E, Q). — ^Morphological characters: Antennal segments as fol- 
lows: I, 0.064 mm.; II, 0.096 mm.; Ill, 0.544 mm.; IV, 0.224 mm.; V, 0.24 mm.; 
VI, base 0.192 mm., unguis 0.064 mm.; segments III to VI with transverse sensoria, 
usually very irregular in disposition and giving the segments, particularly segment 
III, a gnarled appearance; segment III with 28 to 35 sensoria, segment IV with 8 or 9, 
segment V witli about the same number, and segment VI with 3 to 6. These sensoria 
are on the underside of the antennae, the upper surface being armed with a few hairs 
situated on tubercles. Head above with two oval or almost circular transparent wax 
plates. Dorsum of thorax with a pair of rather small , somewhat triangular wax plates. 
Forewings 4.38 mm. long and 1.43 mm. wide at their greatest width. Hind tibiae 
i.a mm. long. Length from vertex to tip of cauda, 2 .48 mm. 



FlO. X. — Structural characters of the species of Prociphilus. -4 , P. bumulae: Distal segments of of 

spring migrant. B, P. poschinocri: Distal segments of antenna of spring migrant. C, P, venafuscus’ 
Distal segments of antenna of spring migrant. D, P. venafuscus: Distal segments of antenna of fall 
migrant. E, P. pyri: Distal segments of antenna of falJ migrant. JP, P. xylosiei: Distal segments of 
antenna of spring migrant. Gt P* poptUicondupltfoltus: Distal segments of antenna. H, P. corrugatans: 
Distal segments of antenna of spring migrant. /» P. corrugatans: Distal segments of antenna of spring 
migrant. P. alnifoltae: Distal segments of antenna. iC, P. iessellatus: Distal segments of antenna. 
L, P. bumulae: Thoracic wax plates. M, P. Poschingeri: Thoracic wax plates. N, P. xylosiei: Thoracic 
wax plates. O. P. venafuscus; Thoracic wax plates. P, P. corrugatans: Thoracic wax plates. Q, P. pyri: 
Thoracic wax plates. P. P. almfoUae: Thoracic wax plates. 5, P. PopuiicondupUfolim: Thoracic wax 
plates. T, P. tesseUaius: Thoracic wax plates 
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Color characters: Eyes, antennasi and legs black; head black; prothorax and 
abdomen dull olive green with darker green marginal patches on the abdomen. 
Thoracic lobes and sternal plate black. Wing veins dark, with dusky bordering; 
the entire wing often more or less smoky. Head and thorax witli a bluish white bloom ; 
abdomen with a long cottony secretion, most pronounced caudad. 

, Prociidiilus aceris (Monell). 

Specimens of this species have a pair of large circular wax plates upon the Head, 
and the dorsal wax plates of the thorax are of the same size and shape as those of 
venaftiscus Patch. The sensoria on the third segment of the antennse are oval in shape, 
some almost circular. They are thus not typical for the genus, but approach those 
of attenuates Osborn and Sirrine for which Dr. B. M. Patch, of the Maine Experiment 
Station, has erected the genus Neoprociphilus. There seems to be, however, a 
gradual gradation from the type to this species. The wing also suggests that of atten- 
uaius, and there is some doubt in the writer’s mind in regard to the distinctness of 
Neoprociphilus. The measurements of antennal segments are as follows: III, 0.416 
mm.; IV, 0.256 mm.; V, 0.24 mm.; VI, base 0.272 mm., unguis 0.048 mm. 

Proci^lus alnifoliae (Williams) (hg. i, J, R). 

Alnifoliae is a species of medium size with rather short antennae. The sensoria do 
not, as a rule, extend entirely across the segments, and they are often acute at each 
end, thus touching the margins of the segments as a point. The dorsal wax plates of 
the thorax are quite similar to those of corrugatans, being small and oval. 

Prociphilus bumulae (Schrank) (fig. 1, A, L). 

This species is very large and the sensoria of the antennae are even and do not usually 
extend beyond the margins of the segment. The dorsal wax plates of the thorax are 
large and triangular and situated close together. In some specimens tliey almost touch 
along the median line. The measurements of antennal segments are as follows: III, 
0.704 mm.; IV, 0.32 mm.; V, 0.32 mm.; VI, base 0.288 mm., unguis 0.064 nini. 

Prociphilus corrugatans (Sirrine) (fig. i, H, /, P). 

This insect is a rather small species with regular sensoria present on the antennse of 
the spring migrant, but with them irregularly arranged on the antennae of the fall 
migrant. The dorsal wax plates of the tliorax are small and oval in outline. The 
measurements of the antennal segments are: III, 0.32 mm.: IV, 0.144 ram.; V, 0.16 
mm.; VI, base 0.128 mm., unguis 0.032 mm. 

Prociphilus fraxini-depetalae (Essig). 

This ^ecies appears to be a synonym of venafuscus Patch. 

Prociphilus imbricator (Fitch). 

This well-known species has not been figured. The sensoria of the antenn® are 
rather large, approaching those of tessellatus (Fitch). The dorsal wax plates of the 
thorax are small and well separated. The measurements of antennal segments are as 
follows: III,, 0.368 mm.; IV, 0.176 mm.; V, 0.176 mm.; VI, base 0.192 mm., unguis 
0.048 mm. 

Prociphilus populiconduplifolius (Cowen) (fig. i, G, 5 ). 

The antennae of this species are characteristic in that the sensoria extend past the 
edges of the segments and give them an irregular or beaded effect on the margins. 
The wax plates on the thorax are also very characteristic, being minute and very 
widely separated. The antennal measurements are as follows: HI, 0.4 mm.; IV, 
0.288 mm.; V, 0.208 mm.; VI, base 0.208 mm,, unguis 0.064 o^ni. 

In the writer’s opinion there is not suflScient difference for the retention of the genus 
Thecabius. The habits of the stem mothers may be different, as indicated by patchii 
Gillette, and yet the insects are very close in structure. The wax plates and sensoria 
vary greatly within the genus. 
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Pxociptiilas poschingeri ('Holzner) (fig. 1, B, M), 

Placed usually as a synonym of bumulae Schrank, this form as represented by our 
specimens shows some differences. The insects are considerably smaller and the 
dorsal wax plates of the thorax are not triangular and close together as are those of 
bumulae, but are considerably separated and oval in outline. Measurements of 
antennal segments: III, 0.496 mm.; IV, 0.246 mm.; V, 0.246 mm.; VI, base 0.224 
ram., unguis 0.048 mm. 

Prociphilus tessellatus (Fitch) (fig. i, K, T). 

The antennas of tessellatus are hardly typical for this genus. The species seems, 
however, to fit here as well as anywhere, llic sensoria on the anlcnnse arc vciy broad 
for the genus and the shape of the segments is not typical. The dor^t^l wax pores 
are, hotvever, quite normal. They are somewhat triangular in shape and are some- 
what smaller than those of venafusciis. In many specimens each is aimed with a 
small hair. Measurements of antemial segments: III, 04 mm.: IV, 0.17T mm.; 

V, 0.171 mm.; VI, base 0.197 mm., unguis o 0,^2 mm. 

Prociphilus venafuscus (Patch) (fig. 1, C, D, O). 

The form described by Dr, Patch^ is the most typical American species and the 
antennal characters are very similar to those of bumulae Schrank. The clouding of 
the wings met with in venafuscus is present also in our specimens of poschingeri though 
it is not noted in tlio.se of bumulae. The dorsal wax plates of the thorax are, in vena- 
fuscus, triangular like those of bumulae. The}’- are, however, ver>^ much smaller. 
Measurements of antennal segments: III, 0.56 mm.. IV, 0.288 mm.; V, 0.288 mm.; 

VI, base 0.224 mm., unguis 0.049 

Prociphilus xylostei (De Geer) (fig. i, F, N). 

Specimens of this species ai*e much smaller than ;hose of bumulae or even those of 
venafuscus. The antennal characters are very similar to those of vencfuscus. The 
dorsal wax plates of the thorax are, how’ever, of quite different shape in the two species, 
although they are almost equal in size. Measurements of antennal segments: III, 
0.48 mm.; IV, 0.24 mm.; V, 0.24 mm.; VI, base 0.197 mm., unguis 0.048 mm. 

The average number of sensoria on the antennae of the species figured is shown in 
the illustration. The number varies S')me^^llat in different individuals 


^ Patch, Hdith M. Aphid pests of Maine. In Maine Agr. Kxp, Sta Bnl 20J, p. 174 191a. 
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A NEW PENETRATION NEEDLE FOR USE IN TESTING 
BITUMINOUS MATERIALS 

By Charles S. ReSVE, Chemist^ and Fred P. Pritchard, Assistant Chemist, Office of 
Public Roads and Rural Engineering 

During the early period of the bituminous paving industry the asphaltic 
cement was usually tested by chewing a small piece and judging its con- 
sistency by its resistance to the teeth. With the development of the 
industry and specifications for work of this character it soon became 
evident that some more definite method of determining and defining 
consistency must be evolved, and in 1889 H. C. Bowen, of Columbia 
University, first described ^ a machine for the purpose. This was fol- 
lowed some years later by the machines designed by A. W. Dow ^ and 
by Richardson and Forrest.® 

All of these machines had for their basic principle the depth to which 
a No. 2 sewing needle would penetrate the material under certain speci- 
fied conditions of load, time, and temperature. Most, if not all, needle 
manufacturers produce No. 2 sewing needles, all makes of which are not 
necessarily of the same shape and size. Since it has, however, been gen- 
erally understood that the No. 2 needle manufactured by R. J. Roberts 
was that most often used for the selection of standard needles, the 
subcommittee of the American Society for Testing Materials which has 
the penetration test under investigation made the following recom- 
mendation in 1915: ^ 

The needles for this test shall be R. J. Robert's Parabola Sharps No. 2. They 
shall be carefully selected by the use of a hand glass, rejecting all that are manifestly 
of unusual shape or taper. Needles thus selected shall be compared with a standard 

^ Bowen, H. C. An apparatus for determining the relative degree of cohesion of a semi-liquid body. 
In School Mines Quart., v. xo, no. 4. p. 397-303, 3 fig. 1889. 

* Dow, A. W. The testing of bitumens for paving purposes. In Amer. Soc. Testing Materials, Proc. 
6 th Ann. Meeting, xgos, v. 3, p. 354. 1903. 

» Richardson. Clifford, and Forrest, C. N. The development of the penetrometer as used in the deter- 
mination of the consistency of semi-solid bittunens. In Amer. Soc. Testing Materials, Proc. xoth Aim. 
Meeting, 1907, v. 7, p. 636-631, 3 fig. 1907. Discussion, p. 632-637. 

* Report of sub-committee on penetration. In Amer. Soc. Testing Materials, Proc. xSth Ann. Meeting, 
*915. V. xs. pt. 1, p. 353. 19x5- 
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needle and further rejections made of those which vary more than one point from 
that obtained with the standard needle, on a sample having a penetration of approxi- 
mately 6o. 

The committee further stated that it did not think it advisable to rec- 
ommend at the present time a standard needle for reference, deferring 
such action until the next annual meeting of the society. Until such 
recommendation is made needles furnished with penetration machines 
are to be considered standard. 

The above-recommended practice is representative of the method for 
selecting needles which has been followed in the Office of Public Roads 
and Rural Engineering, and the standard used for comparison and selec- 
tion was a needle originally supplied with the penetration machine in 
use. It has been, however, not uncommon practice in certain labora- 
tories to purchase a package of No. 2 needles and to use them on the 
assumption that they possessed the requisite dimensions and shape. In 
an effort to prove the fallacy of such an assumption the authors have 
taken an enlarged photograph of a package of Roberts’s No. 2 needles, an 
•examination of which will serve to make clear the ordinary variations 
in point, shape, and taper (PI. LXXXII, fig. i). 

These variations are more clearly shown through a consideration of 
the results obtained in selecting needles to be used for routine testing in 
the office. Several packages were first sorted with the aid of a magnify- 
ing glass and micrometer caliper, and a selection made of those whose 
shape and size appeared to be identical with the shape and size of the 
standard. From a lot of 72 needles, only 12 were thus selected. From 
these 12, those were selected for use which gave practically identical 
results in the penetrometer with a so-called standard needle on two 
samples of oil asphalt. The results of these tests are given in Table I, 
from which it may be seen that only 5 of the 12 needles fulfilled the 
requirements. Needles that failed to give accepted values on the harder 
materials were not tried on the softer. 

Inasmuch as only 5 needles out of 72 proved acceptable, it may be seen 
what results would follow from the indiscriminate use of No. 2 needles as 
such. 

It is further to be noted particularly that there is no existing single 
standard with which comparison can be made, owing to the fact that 
there is no means of accurately defining or gauging the type of needle in 
use. The work herein described was undertaken for the purpose of devis- 
ing, if possible, a needle which would give results practically identical with 
results now obtained in using the so-called standard needles, and which 
could be accurately described and duplicated at any time. 

The standard needle on file in the office is 1.8 inches in length, with a 
diameter of 0.040 inch for a length of i inch from the eye. The remainder 
of the needle tapers in a parabolic curve to a sharp point. The simpler 
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nS^dle to define would be one having a straight taper. Round, polished, 
annealed-steel drill rods having diameters of 0.042 inch were therefore 
cut into 2 -inch lengths and pointed at one end with tapers having a length 
of T^i H inch. Each needle was tempered and highly polished, 

then tested in the penetrometer on a material showing a penetration of 
140 with the standard needle. The penetrations were as follows on 
needles made from 0.042-inch drill rod: ^^-inch taper, 125; taper, 

127; 3*^-inch taper, 129; f^-inch taper, 134. 

Tabi.0 I . — Results of a standardization test of penetration needles on oil asphalt 
[Accepted values 6.8, 6 9, 7.0] 


Needle No. 


Oil asphalt i 


Operator 

C. 


Operator 

F. 


Operator 

D. 


Operator 

A. 


Operator 

E. 


Oil asphalt 3. 


Operator 

C. 


Operator 

F, 


Standard . . . 

1 (rejected). 

2 (O. K.)..., 

3 fO.K.)... 

4 (rejected ) . 

5 (rejected) . 

6 ( 0 . K.)..., 

7 (rejected) . 

8 (rejected) . 

9 (rejected) . 

10 (O. K.)... 

11 (O. K.). .. 

12 (rejected) 


6.9 

7.2 

6.8 

6.9 
7* I 
7- 1 
^•7 

6.7 

6.8 

6.9 

6.8 

6.7 

6.9 

6.9 

6.8 


6.9 

7*3 

6.6 

6.7 

7-4 
7.0 
6. 95 
6. 95 
6.6 
6-5 
6.6 
75 

6.75 

6. 85 
6.6 


6.9 


7.0 


7.0 


15.9 

15-6 


6.85 


{ I 


15-9 

15*8 


7-1 


6.8 


6.95 

6. 55 
6.3 


15*9 


6. 7 


6. 55 


6.8 


16. o 

15-9 
16. o 


6.4 

6-75 


IS - 7 
15.6 


IS - 9 

’is-'s 


IS - 9 


16. o 
16. o 


While none of these needles yielded as high results as the standard, the 
one showing the highest values was tested on a sample of material having 
a penetration of 95 with the standard needle. A penetration of 103 was 
obtained. This eliminated the 0.042-inch drill rod from further consider- 
tion, since it was evident that a taper which would check with the standard 
needle on softer materials would give higher results than the standard on 
harder materials. 

Drill rod with a diameter of 0.041 inch was then tried. This actually 
measured 0.0405 inch, and the finished and polished needle from it had a 
diameter of 0.040 inch. Three pieces of that diameter were given tapers 
Ai 8.nd A inch, respectively, then polished and tested in com- 
parison with the standard needle. The results on four samples of 
bituminous materials are given in Table II. 
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TablS II . — Results of an asphalt penetration test with a needle made from a steel 

rod 0,041 inch in diameter 


Taper of needles. 


Standard 

^incb. taper. 
>^-inch taper. 
’^inch taper. 



Sample No. 
S 9 &S (blown 
oU asphalt). 

Sample No. 
8938 (fluxed 
native 
an>halt). 

75 

109 

70 

X06 

74 

109 

80 

II 3 


It will be noted from the above that on all four samples, representing 
three different types of material, the needle with ^^-inch taper gave results 
in comparatively closer accord with those obtained by the standard 
needle than did the others. Three new needles of this type were there- 
fore made and tested in comparison with the standard needle on various 
types of bituminous material having a wide range of penetration. The 
results are given in Table III. When it was found that all three needles 
checked with the standard throughout, the No. i new needle was run 
comparatively with the standard on six additional products, covering 
a still wider range of materials, in order to determine whether products 
varying in their general adhesive character might have any effect on the 
results. It will be noted by referring to Table III that the needle which 
the writers have designed yields in all cases results practically identical 
with those obtained with the standard needle. In cases where no results 
are given for the No. 3 needle the omission is due to the fact that the 
samples were run before the third needle had been prepared. In all cases 
but one the results are given by two operators. 

Tabi^^ III . — Results of a comparative test of the new penetration needle with a standard 

needle 
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About the time this work was completed, a second standard needle 
was obtained from the same source as the one used in the foregoing tests. 
In order to determine the accuracy with which a number of the new 
type of needle could be readily made, seven were prepared and checked 
against both the old and new standard on two distinct types of bitumi- 
nous material. The results are given in Table IV. Each result is an 
average of at least three determinations. 


Tabi^ IV. — Results of a comparative test of new and old standard penetration needles 
and seven others of the new type 


Needle. 


New standard 
Old standard . 
Needle No. i. 
Needle No. 2. 
Needle No. 3 . 


Sample 
No. ^57 
(Gilsonite 
blown oil 
asphalt). 

Sample 

No. 8962 
(California 
asphalt). 

Needle. 

Sample 

blown oil 
asphalt). 

94 

96 

Needle No. 4 

92 

91 

96 

Needle No. 5 

91 

89 

94 

Needle No. 6 

91 

90 

97 

Needle No. 7 

90 

91 

95 




Sample 
No. 896* 
(California 
asphalt). 


96 

96 

96 

95 


It will be noted from the above that all seven new needles check very 
closely with the old standard needle on both samples, and that on sample 
8957 they check closer with the old standard than do the two standards 
with one another. The lack of uniformity in the shape of the two stand- 
ard needles, the uniformity of the new type of needle, and the relative 
shapes of the old and new forms of needle are shown in Plate LXXXIII, 
figure 2, which is a reproduction of an enlarged photograph of the two 
standard and seven new needles referred to in Table IV. 

The following conclusions are offered as a result of the above investi- 
gation : 

(1) That the No. 2 sewing needle which has heretofore been used for 
the penetration test can not be taken indiscriminately, but must be care- 
fully selected and standardized. 

(2) That there is no recognized established standard with which new 
needles can be compared, and that it is not feasible to accurately de- 
scribe the dimensions of a parabola needle. 

(3) That the so-called standard needles furnished with penetration 
machines may vary among themselves. 

(4) That the writers have designed a needle which gives results in close 
accord with existing standards and has, moreover, the advantage of being 
accurately described and easily reproduced. 

(5) The needle is made by placing a 2 -inch length of 0.041 -inch an- 
nealed-steel drill rod in the chuck of a high-speed lathe, and by means of 
a fine sharp file turning the end to a sharp point having a %-mc\i taper. 
When it has been made as smooth and sharp as possible by this means, 
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the needle is tempered,^ then ground to a sharp point with a good stone, 
after which it is smoothed and polished with emery dust, crocus cloth, 
and rouge, and finally held carefully on a buffing wheel. The finished 
needle should be sufficiently smooth and sharp to enter and pass through 
a piece of ordinary writing paper without sticking or friction. In other 
words, this new needle must have as sharp a point and smooth a surface 
as any sewing needle. The important thing is to have the taper straight, 
beginning X iiich from the end, and the needle above the taper exactly 
0.04 inch in diameter. 


^ The temperins solutioa consisted ci 5 teacupfuls of common salt, 6 ounces of saltpeter, xs teaspoonfuls 
of powdered alum, and x teaspoonful of corrosive sublimate dissolved in xo gallons of water. The needle 
was tempered by heating carefully to a dull white heat and plunging at once into the tempering solution. 
It was then lightly cleaned with smooth emery cloth, heated carefully to a point below dull redness, and 
again plunged into the solution. 





PLATE L 5 £XXII 

Fig. I. — ^Ditect enlaigement of a package of No. 2 sewing needles, showing the v^- 
ations in shape. 

Fig. 2. — Direct enlargement of penetration needles, showing the comparison between 
two standard needles (i-S, 2-S) and seven needles of the new type prepared by the 
writers. 
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A NEW IRRIGATION WEIR^ 


By V. M. Cone, 

Irrigation Engineer, Office of Public Roads and Rural Engineering 
INTRODUCTION 

The accurate measurement of water delivered to the irrigator has been 
retarded by lack of information concerning devices adapted to the various 
conditions of size and grade of canals, and to the sand and silt troubles 
encountered throughout the West. These conditions are so varied that 
it is very improbable that any one type of measuring device will be desir- 
able or practicable for all cases. Although the weir is the principal measur- 
ing device in use in the West, there are many places where the common 
types of weirs can not be used, and consequently water users are either 
making current-meter measurements occasionally or systematically or 
are doing without any measurement. 

Many attempts have been made to devise a weir that would be simple 
and inexpensive in construction, free from sand troubles, and accurate 
and simple in operation; but usually what has been gained in one direc- 
tion has been lost in another. 

Weirs with full contractions have been built in many places where 
sand and silt accumulations have resulted in inaccurate me^urements, 
or constant attention has been required to keep the weir box clean. The 
first cost of such a weir is rather high and the nuisance and expense 
of keeping it clean often make it undesirable. In an attempt to overcome 
these objections many weirs have been built with incomplete contractions 
which have caused the water to pass through the weir box at a velocity 
sufiiciently high to necessitate the addition of a correction factor to the 
discharge table, but not high enough to completely prevent the accumu- 
lation of sand. It usually occurs that full-contraction-weir tables without 
correction are used with the modified weirs, and therefore the measure- 
ment is not worth much more than the guess of an experienced ditch 
rider. Damage has resulted from the prevalent belief that the weirs 
in general carry the stamp of accuracy. Under proper conditions of cdh- 
struction and operation, full-contracted weirs are accurate within a 
small percentage,* but such conditions are not always to be found in the 
field. In the literature of hydraulics there are practically no records of 

< Thtwotfc aoL whidi this paper is based was done in the hydraulic laboratory, at Fort Collins. Colo., under 
a cooperative agreement between the Office of Experiment Stations, United States Department ot Agricul- 
ture, and the Colorado Agricultural Experiment Station. 

* Cone, V. M. Flow through weir notches with thin edges and full contractions. In Jour. Agr. Researchr 
V. 5, no. 33, p. x05Z-‘XtX4, X9 x6. 
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experiments with weirs having completely suppressed bottom contrac- 
tion. The idea previously considered seems to have been the suppres- 
sion of the end contractions in order to secure a simple discharge formula, 
but such an arrangement of weir box possesses many of the objectionable 
features of full-contracted weirs. Discharge formulas are infrequently 
used in the field, tables usually being available, and it therefore seems 
preferable to have a weir that is practicable and of permanent accuracy 
rather than to complicate the weir-box conditions in order to simplify 

the discharge formula. 
A series of experi- 
ments was made in the 
hydraulic laboratory 
at Fort Collins, Colo., 
during the summer of 
1914, for the purpose 
of developing a weir 
that would be self- 
cleaning, require a 
minimum amount of 
labor and material for 
construction, measure 
discharges with an ac- 
curacy commensurate 
with field conditions 
and irrigation de- 
mands, and be easily 
operated by the ordi- 
nary man, which means that only simple readings without any compu- 
tations would be required to determine the discharge. 

ARRANGEMENT OF APPARATUS FOR EXPERIMENTS WITH NEW TYPE 

OF WEIRi 

In the permanent concrete weir box, which is 10 feet wide and 6 feet 
deep, a wood floor was built of tongue-and-groove lumber (fig. i). The 
wood floor was about 4.5 feet above the concrete floor and was water-tight 
and level throughout. Its length was 20 feet for four sets of experiments, 
but it was extended to 32.67 feet for all other experiments. The sides of 
the temporary weir box were made of single widths of boards set in a 
vertical position, but arranged to be moved to any position or any angle 
and rigidly fastened to the floor. The several arrangements of the weir 
box are given in Table I, and figures i to 13, inclusive. 

^ For a description of the hydraulic labcoatoryand equipment, see Cone, V.M..op. dt.. and Cone, V.M., 
Hydraulic laboratory for irrigation investigations, Fort CoUins, Colo. In Engin. News, v. 70, no. 14, p. 
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"Big. X. — Plan, elevation, and section of concrete weir box in the 
hydraulic laboratory of the Colorado Experiment Station; also 
arrangement of experimental weir section for Nos. z to 6 and zj to 
16, in Table I. 
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Table I. — Effect of size and shape of weir box on discharge^ 
spGciAi. rnsrs 


No. 

Length 
of weir 
crest. 

Width 
of weir 
box at 
crest. 

Width 
of weir 
box at 
30 feet. 

Equation of dis- 
charge curve. 

Fig. 

No. 

Length 
of floor. 

Remarks. 


Feet. 



0-4.641 LHIW6. . 


Feet. 


X 

X 

zHL 


X 

32.67 

Sides parallel, no wings. 

a 

X 

aL 

aL 

Q-3.768 LHi*6a. . 

X 

32.67 

Do. 

3 

z 

3 L 

3 L 

Q- 3 . 44 iLH»««... . 

I 

32.67 

Do. 

4 

z 

4 L 

4 L 

Q- 3 . 343 LH 1 -«»... . 

X 

32.67 

Do. 

5 

X 

SL 

SL 

Q- 3 . 3 i 6 LH 1 < 8 <... 

X 

32 67 

Do. 

6 

z 

6L 

6L 

Q- 3 . 274 LHH«. ... 

X 

32.67 

Do. 

7 

z 

aL 

3 L 

0- 3 72 LHi “ 7 . .. 

a 

32 67 

Sides extended at same angle to dis> 





0-3.69 LH' «« 


tance of 32.5 feet from crest. 

8 

X 

aL 

3 L 

3 

32.67 

Sides extended to sides of concrete 





O-3.7X LHi-^a ... 


box at angle of 45® to axis. 

9 

z 

aL 

3 L 

4 

32.67 

Sides extended to sides of concrete 





Q-3.73 


box at angle of 90® to axis. 

10 

z 

aL 

2^L 

4 

32.67 

Do. 

It 

z 

aL 

254 L 

0-3.73 LHJ si® 

3 

32.67 

Sides extended to sides of concrete 







box at angle of 45® to axis. 

la 

I-S 

2 L 

3 L 

0-3.64 LH*' 5 «. 

a 


Sides extended at same angle to dis- 






tance of 32.5 feet from crest. 

13 

a 

z^ L 

iJ 4 L 

Q- 4 - 37 S 1 .H> •«.... 

1 

32.67 

Sides parallel, no wings. 

X 4 

a 

2 L 

2 L 

Q-.3.749I.H' •««... 

X 

32 67 

Do. 

XS 

a 

2H L 

a 54 L 

Q- 3 . 5 S 4 LH'“«.. . 

X ' 

32 67 

Do. 

16 

a 

3 L 

3 L 

Q— 3-439 

I 

32 67 

Do. 

17 

a 

aL 

a L 

Q-3.749I.Hl •*«.... 

5 

32.67 

Sides parallel, with 45® wings con- 






necting parallel sides xa feet long, 3 L 
apart. 



z8 

a 

a L 

3 L 

Q-3.63 LH 1 ‘« 

2 

32.67 

Sides extended at same angle to dis- 





tance of 32.5 feet from crest. 

X 9 

3 

aL 

aHL 

0-3.640 LHIMO.. . 

6 

32.67 

Sides extended 12 feet parallel to axis 





and 254 L apart. 

ao 

3 

3 I. 

3 L 

0-3.604 LHi-6« . .. 

2 

32.67 

Sides extended about ^ feet at same 



i 



angle to sides of concrete box. 

ax 

4 

xKL 

1>4 L 

Q-S 3 a 7 LH'«». ... 

7 

20-00 

Sides parallel, no wings. 

aa 

4 

L 

L 

Q-4.10S LHi sw... 

7 

20. 00 

Do. 

33 

4 

iHh 

i 54 L 

0 - 4 .OS 3 hW ^ 

2 

32.67 

Sides parallel, extended to distance 





of 32.5 feet from crest. 

34 

4 

iKL 

iKL 

0-3 839 LHJ- 5 W ... 

7 

20.00 

Sides parallel, no wmgs. 

35 

4 

a L 

a L 

0—3 599 

7 

20 00 

Do. 

a6 

4 

2L 

aL 

Q— 3.590 LH^'^ 

2 

32.67 

Sides parallel, extended to distance 






of 32 5 feet from crest. 

37 

4 

aL 

2 L 

0-3.714 LHi*®«> 

8 

32.67 

Sides parallel, with 45® wings ex- 





tending to sides of concrete box. 

aS 

4 

a L 

aL 

0-3.642 LHi-wa 

9 

32.67 

1 

Sides parallel, with 90® wings ex- 






tending to sides of concrete box. 

39 

4 

aHL 

aHh 

0-3.403 LHi ®~.. .. 

10 

32.67 

Full width of concrete box. 


standard tests 


30 

I 

aL 

254 L 

Q-3.77« LH'-« 

2 

32.67 

Sides extended at same angle to dis- 
tance of 32. s feet from crest. 

3 X 

x-S 

aL 

254 L 

Q- 3.720 LHi M 

2 

32.67 

Do. 

33 

a 

aL 

254 L 

0*3.690 LHi'M 

2 

32.67 

Do. 

33 

3 

aL 

254 L 

Q-3.6JO I,H‘ » ... 

a 

32.67 

Do. 

34 

4 

aL 

254 L 

0-3.570 I,H‘ « 

a 

32.67 

Sides extended at same angle to sides 
of concrete box.- 


SPEaAX. NOTCH tests 


35 

Degrees, 

90 

Feet. \ 
xo 

Feet. 

zo 

Q- 2.541 

zz 

32.67 

No sides, channel full width of con* 

36 

90 

3 

7 

Q-a.667 

Z2 

32.67 

Crete box. 

Sides extended about 10 feet at same 

37 

90 

3 


Q-a.679 H*w 

13 

32.67 

angle to sides of concrete box. 

Sides 5 feet apart at xo feet, then ex- 




tended za feet parallel to axis. 


^ I«ev«l wood floor placed about 4.5 feet above floor of coucrete weir box; angle iron weir crest. 









1130 


Journal of Agricultural Research 


Vd. V, No. a4 


Steel weir plates having rectangular crests and sides made of brass, 
with nominal crest lengths of i, 1.5, 2, 3, and 4 feet, were successively 
attached to the steel frame anchored in the concrete wall. A 2'-inch 
angle iron, dressed and trued, was set flush in the floor section, and by 
means of bolts the floor section was drawn tightly against the weir 
plate. The angle iron formed the crest of the weir and it was sufficiently 
rigid to prevent any trouble due to the possible warping of the floor, 
and also insured the crests remaining at the same elevation as the floor. 
The water passed through the weir notch with full lateral expansion and 

complete aeration of 
nappe. 

The head was deter- 
mined in the concrete 
hook-gauge still box 
which was connected 
to the weir box by 
four pieces of K^-inch 
hose attached to i- 
inch pipe nipples 
screwed upward 
through the floor un- 
til flush with the sur- 
face. The auger holes 
into which the pipes 
were screwed were 
placed near the side 
of the weir box in a 
line 6 feet back from 
the plane of the weir. 
A second hook gauge 
was placed in a tem- 
porary still box connected by a hose through the side of the weir box 
near the floor line. This hook gauge was used for check purposes and 
to determine whether any discrepancies would be introduced by apply- 
ing the results of the experiments to future installations where the head 
would be communicated to a still box by pipes through the side of the 
weir box. The two sets of hook-gauge readings indicated that no error 
is introduced thereby, provided the pipes are installed at the proper 
distance from the weir, 6 feet, and in a position normal to the side of 
the weir box rather than normal to the axis, because the lines of flow 
are parallel to the side. 

In all these experiments the weir discharges were determined volu- 
metrically in the calibrated concrete tanks. 

Several series of preliminary experiments were made in order to deter- 
mine the influence upon the discharge caused by various end contrac- 



Fig. a. — Plan of experimental weir box for Nos. 7, la, 18, 30, and 30 
to 34 in Table I. 
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Fig. 4. — Plan of experimental weir box for Nos. 9 and 10, Table I. 
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tion distances, lengths of weir box, contraction wings at entrance of weir 
box, and angle of sides of weir box. From these data a set of conditions 
was chosen to be the standard for the new type of weir, for it is obviously 
necessary that the weir box be definitely standardized in order that the 
specifications be duplicated in future installations if the formula and 
tables are to apply. The terms ‘'standard tests” or “standard condi- 
tions” will be used to express those conditions which have been taken 
as the basis of the formula and discharge tables. 

The water passes through the weir box with a rather high velocity, 
but the velocity varies 
with the head, and the 
slope of the water sur- 
face changes accord- 
ingly. The extent of 
the draw-down curve 
also varies with the 
head and length of 
weir crest and it was 
therefore necessary to 
fix the point at which 
to take the head. 

Several measurements 
of draw-down curves 
resulted in choosing 
a point 6 feet back 
from the plane of the 
weir, which would be 
away from any con- 
siderable influence of 
draw-down for the 
weirs used in the ex- 
periments, and would not include much of the slope of the water 
surface. 

A total of 277 experiments were made on this new type of weir, which 
for want of a better name is called an “irrigation weir,” and of this num- 
ber 101 were preliminary tests and 176 were made under standard con- 
ditions. 

DEDUCTIONS FROM EXPERIMENTS 

The individual equations in simple form for each set of experiments 
and the conditions under which those experiments were made are given 
in Table I. The following deductions have been obtained from com- 
parisons of the equations stated in the table, the bottom contractions 
being entirely suppressed in all cases, but with various arrangements of 
sides of weir box. 
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Fig. 6. — Plan of experimental weir box for No. 19, Table I. 
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Fig. 7. — Plan of experimental weir box for Nos. 21, 2a, 24, and 25, 
Table I. 
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For similar conditions of weir box, the coefficient c decreases as the 
length of weir crest L increases, and the exponent n increases as the 
length increases. 

As the width of weir box, or end contractions, is increased for any 
certain length of weir, both c and n decrease. This is probably due to a 
decrease in the velocity of approach, owing to the increased area of the 
weir box. 

When the sides of the weir box are parallel, the discharge increases as 
the width of the box is decreased, for all sizes of weirs. 

The greatest discharge is obtained when the sides of the weir box are 
parallel and it decreases as the angle between the sides becomes greater; 

or, stated in another 
way, the discharge in- 
creases as the sides 
become more nearly 
parallel, the width of 
the box at the weir 
remaining constant. 

When wings placed 
at the upper end of 
the weir box to form a 
junction between the 
sides of the box and 
the canal bank are 
changed from 90® to 
45® with the axis of 
the channel, the dis- 
charge is increased for 
low heads, remains 
about the same for 
heads of 0.7 foot, and 
is decreased for high 
heads. The percentage of change in discharge due to such a change in 
the wings is greater when the sides of the weir box are parallel. 

The ratio of discharge to length of weir decreases as the length of the 
weir increases; or, in other words, the discharge over a 4-foot weir is 
less than four times the discharge over a i-foot weir, as is shown by the 
individual standard equations. Nos. 30 to 34, in Table I. This is the 
reverse of the condition found in rectangular weirs having complete end 
and bottom contractions and negligible velocity of approach.^ 

If the sides of the weir box are continued parallel from a point 20 feet 
upstream from the plane of the weir (fig. 6), instead of being continued 

^Coae.V.M. Flow through wdr notches wibithiis edges and full oontimctions. /njour. Agr. Researdi, 
y. 5, no. 33. p. xo5i~xn4. 19x6. 



Fio. 9. — Plan of experimental weir box for No. a8. Table I. 
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at the same angle as the other part of the weir box (fig. 2), the discharge 
will be increased about one-third of i per cent for i-foot head and 
decreased about i per cent for 0.2-foot head, as indicated for the 3-foot 
weir in Nos. 19 and 33 in Table I. 

In addition to the experiments with regular weir notches, three sets 
of experiments were made with 90® triangular notches having sup- 
pressed bottom contraction and different end contractions. The results 
are represented by Nos. 35, 36, and 37 in Table I. The logarithmic 
discharge curve for the 90° triangular notch with complete end and 
bottom contractions is a perfect straight line represented by the equation 
Suppression of the bottom contraction. No. 35 in 
Table I, resulted in 
changing the logarith- 
mic discharge curve 
from a straight line to 
a curved line, and in- 
creased the discharge. 

An average straight 
line drawn through the 
discharge data, repre- 
sented by the equation 
Q = 2 .541 agrees 
with the experimental 
data for medium 
heads, but is about i 
per cent low for high 
and low heads. 

The second set of 
experiments, No. 36 in 
Table I, also gave a 
logarithmic plot which 
was a curved line. 

The average straight line for these data was about i per cent low for 
heads of 0.3 and 1.3. feet, and about 2 per cent high for heads of ap- 
proximately 0.8 foot. This indicates the curvature of the discharge 
plot to be increased by a decrease in end-contraction distances. 

The third set of experiments, No. 37 in Table I, was made under 
conditions which practically amounted to making the weir box 10 feet 
shorter than in the previous case, having the sides of the carrying channel 
parallel in both cases, but closer together in this set of experiments. 
This had little effect upon the discharge in the aggregate, but changed 
the slope of the discharge curve slightly. 

The 90® triangular notch with full contractions is one of the most 
accurate and reliable measuring devices for small quantities of water. 

27466^—16 2 


. I#- 32.67-- 

^ 90® notch 





Fig. XI."— Plan of experimental weir box for No. 35, Table I. 



Fig. 13 .— Plan of experimental weir box for No. 36, Table I. 
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Suppressing the contractions completely or in part changes the law of 
discharge through the triangular notch, decreases its accuracy as a prac- 
tical measuring device, and does not insure the complete removal of sand 
and silt from the box. It is therefore an open question whether the 
advantages resulting from suppressed contractions with the triangular 
notch would not be more than counterbalanced by the inaccuracies intro- 
duced. The data are given without recommendation, but may be desir- 
able for use in special cases. 



3 JB 0 3.70 Coefficient 3.6O aso 

1.56 1.55 Exponent 1.54 1.53 

tfote: Coefficients from indMdual curves plotted • 

Exponents " •• o 

Flo. 15. — Coeflident and exponent values of individual discharge equations plotted against weir length. 

DERIVATION OP WEIR FORMULA 

The experimental discharge data for the standard weir conditions were 
plotted logarithmically for weirs hav ing actual crest lengths of 1.0055, 
1.5026, 2.0057, 2.9970, and 4.0056 feet, as shown in figure 14. These 
points do not lie on a straight line. An average straight line drawn 
through the points will give values too small for medium heads and too 
large for low and high heads. This characteristic of the curve is the 
reverse of the curve for rectangular weirs with full contractions, but the 
suppression of the bottom contraction and partial suppression of the end 
contraction has tended to straighten the discharge curve. 

With full-contraction weirs and quite complete pondage, the head 
can be accurately determined and there is, therefore, ample reason for 
using a complicated formula to secure that accuracy of measurement, 
but the high velocity of water and wave action which occurs in the new 
irrigation weir preclude the possibility of determining the head accu- 
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rately enough to warrant any great refinement of the discharge formula. 
The assumption of straight-line logarithmic formulas is within i or 2 
per cent of all the discharge data, with the exception of a few high and 
low heads; and since this is comparable to the accuracy expected under 
field conditions, such formulas were used to avoid more complicated 
equations. 

The equations of the average straight lines through the plotted points 
are given in Table I, Nos. 30 to 34, inclusive. The exponent and coeffi- 
cient values for these individual equations were then plotted against the 
weir crest lengths, as shown in figure 15. For simplicity the law of the 





^.Water surface 




^ Top of conoi bonk 



Canal qrodg 




'Canal grade 

Concrete floors and walls 6^ thick 
Fig. z6. — Plan, elevation, and section (standard) o! new irrigation weir box. 


coefficient values was assumed to be represented by the equation 
(3-S3 — 0.07L). The exponents, with the single exception of that 
for the 1.5-foot weir, fell on the straight line which has the equation 
n== (1.52-ho.oiL). By substituting these expressions in the fundamental 
formula, the general formula for the new irrigation weir was 

obtained 

(3.83-o,o7L)L/i^^*«+o.oil) 

The straight-line curves drawn in figure 14 for each length of weir 
represent discharge values computed from the above formula and show 
graphically the agreement of the formula with the experimental data. 
The computed discharges are given in Table II. 
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Table II . — Computed discharges for the new irrigation weirs 

[Computed from the formula ( 2 “ (3*83— 0.07 L) JLAO -62+0.01 L)) 


Head. 

Head. 

Length of weir crest. 

I foot. 

1 s feet. 

2 feet. 

3 feet. 

4 feet. 

Feet. 

Ft. 

in. 






0. 20 

0 

aH 

0.320 

0.472 

0. 619 

0. 896 

I- 15 

. 21 

0 

aH 

•345 

•509 

.667 

.966 

I. 24 

. 22 

0 

2H 

•371 

•547 

.717 

I. 04 

I. 34 

•23 

0 

aH 

•397 

.586 

.768 

I. II 

I- 43 

. 24 

0 

a^/i 

.424 

.625 

. 820 

I. 19 

I- 53 

•25 

0 


.451 

.665 

.873 

I. 27 

1.63 

. 26 

0 

3 'A 

•479 

.707 

.927 

1 - 34 

I. 74 

•27 

0 


•507 

• 749 

. 982 

1.43 

I. 84 

. 28 

0 

3H 

• 536 

.792 

I. 04 

I- 51 

1-95 

.29 

0 

sH 

.566 

.836 

I. 10 

I- 59 

2. 06 

•30 

0 

sA 

• 596 

.880 

I. 16 

1.68 

2. 17 

•31 

0 

zH 

.626 

. 926 

I. 22 

I. 77 

2. 28 

•32 

0 

3 t! 

.658 

.972 

I. 28 

1.86 

2. 40 

•33 

0 

3 il 

. 690 

I. 02 

I. 34 

I- 95 

2. 52 

•34 

0 

4 A 

. 722 

I. 07 

I. 40 

2. 04 

2. 64 

•35 

0 

4 * 1 ^ 

• 754 

I. 12 

I- 47 

2. 13 

2. 76 

•36 

0 

4 A 

. 788 

I. 16 

I- 53 

2. 23 

2. 88 

•37 

0 

4 tV 

. 822 

I. 21 

I. 60 

2- 33 

3. 01 

•38 

0 

4A 

.856 

I. 27 

I. 66 

2. 42 

3 - 14 

•39 

0 

4 H 

. 890 

I. 32 

I- 73 

2. 52 

3-27 

.40 

0 

aH 

•925 

1-37 

I. 80 

2. 62 

3 - 40 

.41 

0 

4 « 

. 961 

I. 42 

I. 87 

2. 73 

3 - 53 

.42 

0 

sA 

•997 

I. 48 

I. 94 

2. 83 

3 - 67 

•43 

0 

sA 

1.03 

I- 53 

2. 01 

2. 94 

3. 81 

•44 

0 

sH 

I. 07 

I. 58 

2. 08 

3-04 

3 - 94 

•45 

0 

sH 

I. II 

1. 64 

2. 16 

3 - 15 

4.09 

.46 

0 

sA 

I- 15 

I. 70 

2. 23 

3. 26 

4- 23 

•47 

0 

sH 

I. 18 

I- 75 

2.31 

3-37 

4-37 

,48 

0 

SK 

I. 22 

I. 81 

2. 38 

3-48 

4-52 

•49 

0 

sH 

I. 26 

1.87 

2. 46 

3 - 59 

4. 67 

•50 

0 

6 

I. 30 

1-93 

2. 54 

3-71 

4. 82 

•51 

0 

6 H 

I- 34 

1.99 

2. 62 

3. 82 

4. 97 

• 52 

0 

6 A 

I. 38 

2. 05 

2. 70 

3 - 94 

5 - 12 

• S 3 

0 

6 H 

1.42 

2. II 

2. 78 

4. 06 

5-27 

•54 

0 

6 A 

I. 46 

2. 17 

2. 86 

4. 18 

5-43 

•55 

0 

6 H 

I- 51 

2. 23 

2. 94 

4-30 

5 - 59 

•56 

0 

6 H 

I- 55 

2. 29 

3. 02 

4. 42 

5 - 75 

• 57 

0 


I- 59 

2. 36 

3 - II 

4 - 54 

5 - 91 

•58 

0 

41 

I, 63 

2. 42 

3 - 19 

4.67 

6. 07 

•59 

0 

7 A 

I. 68 

2.49 

3 - 27 

4-79 

6. 23 

. 60 

0 

7A 

I. 72 

2-55 

3 - 36 

4.92 

6. 40 

. 61 

0 

7 A 

I. 76 

2. 62 

3-45 

5 - 05 

6.57 

.62 

0 

7 A 

I. 81 

2.68 

3 - S 3 

5. 18 

6. 74 

•63 

0 

7 * 

I. 8s 

2.75 ' 

3.62 

5-31 

6. 91 

.64 

0 

7 ii 

I. 90 

2. 82 

3-71 

5-44 

7. oS 

•65 

0 

7 ff 

I- 95 

2. 88 

3. 80 

5 - 57 

7 - 25 

.66 

0 

7 « 

1.99 

2 - 95 

3-89 

5 - 70 

7.43 

.67 

0 


2. 04 

3.02 

398 

5-84 

7. 60 

.68 

0 

8A 

2. 08 

3-09 

4. 08 

5 - 97 

7. 78 

.69 

0 

8X 

2-13 

3. 16 

4. 17 

& II 

7.96. 
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Tabim II . — Computed discharges for the new irrigation weirs — Continued 


Head. 




Length of weir crest. 


xieau. 

z foot. 

1.5 feet. 

a feet. 

3 feet. 

4 feet. 

Feet. 
o. 70 

Ft. 

0 

m. 

SH 

2. 18 

3 * 23 

4. 26 

6. 25 

8. 14 

* 71 

0 

8K 

2. 23 

3 - 30 

4.35 

6.39 

8.32 

• 72 

0 


2. 27 

3 - 37 

4.45 

6- 53 

8. 50 

• 73 

0 

8H 

2- 32 

3 - 45 

4. 55 

6. 67 

8. 69 

• 74 

0 

SH 

2.37 

3 - 52 

4.64 

6. 81 

8. 88 

•75 

0 

9 ^ 

2. 42 

3 - 59 

4. 74 

6-95 

9. 06 

. 76 

0 

gH 

2. 47 

3 - 67 

4. 84 

7. 10 

9-25 

•77 

0 


2. 52 

3 * 74 

4. 94 

7. 24 

9-44 

.78 

0 

gH 

2. 57 

3. 82 

5 - 03 

7 - 39 

9.64 

•79 

0 

gH 

2. 62 

3-89 

5 - 13 

7 - 54 

9-83 

.80 

0 

gH 

2. 67 

3 - 97 

5 * 23 

7. 68 

10. 03 

.81 

0 

9H 

2. 72 

4.04 

5 - 34 

7*83 

10. 22 

.82 

0 

9 if 

2. 78 

4. 12 

5-44 

7.98 

10. 42 

• 83 

0 

9 « 

2.83 

4. 20 

5 - 54 

8. 14 

10. 62 

.84 

0 

lO* 

2. 88 

4. 28 

5 - 64 

8. 29 

10. 82 

•8s 

0 

IOtV 

2 - 93 

4*35 

5-75 

8.44 

II. 02 

.86 

0 

loA 

2.99 

4-43 

S- 8s 

8. 60 

II. 22 

.87 

0 

loA 

3-04 

4.51 

5 - 95 

8-75 

11.43 

.88 

0 

loA 

loH 

3.09 

4 - 59 

6.06 

8. 91 

II. 63 

.89 

0 

3 - 15 

4. 67 

6. 17 

9. 07 

11. 84 

. 90 

0 

loH 

3‘ 20 

4*75 

6. 27 

9. 22 

12.05 

.91 

0 


3 - 25 

4-83 

6.38 

9-38 

12. 26 

•92 

0 

“A 

3-31 

4.92 

6.49 

9 - 54 

12. 47 

•93 

0 

iiA 

3 - 36 

5. 00 

6. 60 

9. 70 

12. 68 

•94 

0 


3-42 

5. 08 

6. 71 

9. 87 

12. 89 

•95 

0 

iiM 

3-48 

S. 16 

6. 82 

10. 03 

13- II 

.96 

0 

iiH 

3 - 53 

5 - 25 

6. 93 

10. 19 

13-32 

•97 

0 

iiH 

3 - 59 

5 - 33 

7.04 

10. 36 

13 - 54 

.98 

0 

jiH 

3-65 

5- 42 

7 - 15 

lO- 53 

13- 76 

•99 

0 

iiH 

3 - 70 

5 - 50 

7. 27 

10. 69 

13.98 

I. 00 

I 

0 

3 - 76 

5 - 59 

7-38 

10. 86 

14. 20 

1. 01 

I 

oH 

3. 82 

5 - 67 

7-49 

II. 03 

14.42 

I. 02 

I 

oH 

3. 88 

5* 76 

7. 61 

II. 20 

14.64 

1.03 

I 

oH 

3 - 93 

5 - 85 

7. 72 

11-37 

1 14. 87 

I. 04 

I 

oH 

3-99 

' 5-93 

7. 84 

II- 54 

IS- 10 

I. 05 

I 

oH 

4.05 

6. 02 

7. 96 

II, 71 

15- 32 

I. 06 

I 

oK 

4. II 

6. II 

8. 07 

1 1. 89 

15- 55 

I. 07 

I 

? 

4. 17 

6. 20 

8. 19 

12. 06 

15- 78 

I. 08 

I 

4* 23 

6. 29 

8.31 

12. 24 

16. 01 

I. 09 

I 

lA 

4. 29 

6.38 

8.43 

13 . 41 

16. 34 

I. 10 

I 

I* 

4.35 

6.47 

8.55 

12 - 59 

16. 48 

I. II 

I 


4.41 

6.56 

8.66 

12. 77 

16. 71 

I. 12 

I 

lA 

4*47 

6.65 

8.79 

12. 94 

16. 95 

I- 13 

I 


4 - 53 

6.74 

8. 9Z 

13. 12 

17. 18 

I. 14 

I 

iH 

4 - 59 

6.83 

9-03 

13 - 30 

17.42 

I- IS 

I 

iH 

4 . 66 

6. 92 

9 * IS 

13-49 

17. 66 

I. 16 

I 

It! 

4 . 72 

7. 03 

9 . 35 

13 . 67 

17.90 

I- 17 

z 

2 t* 5 - 

4 . 78 

7 - II 

9.40 

13-85 

z 8. 14 

z. 18 

I 


4.84 

7. 20 

9 - 52 

14.04 

28.38 

t 8.03 

1. 19 

z 


4.91 

7.30 

9.65 

24. 22 
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Tabi«B II . — Computed discharges for the new irrigation weirs — Continued 






Length of weir crest. 





z toot. 

i.S feet. 

3 feet. 

3 feet. 

4 feet. 

Feet* 

1. 20 

Ft, 

I 

in. 

2 M 

4-97 

7 - 39 

9-77 

14. 41 

18. 87 

I. 21 

I 

2% 

5-03 

7-49 

9. 90 

14 * 59 

19. 12 

X. 22 

I 

2^4 

5. 10 

7 - S8 

10. 02 

14. 78 

19.36 

I- 23 

I 

2K 

5. 16 

7. 68 

10. 15 

14. 97 

19. 61 

I. 24 

I 


5 * 23 

7 - 77 

10. 28 

1$. 16 

19. 86 

. 1-25 

I 

3 

5 - 29 ! 

7.87 

10. 41 

15-35 

20. II 


Table III shows the differences between the discharges computed 
from the formula and those obtained by experiment, these differences 
being expressed in cubic feet per second and in percentages. The for- 
mula agrees with the experimental data within a maximum amount 
of 4.8 per cent for an individual point, but this discrepancy is no doubt 
due partly to experimental inaccuracy and partly to the assumption of 
a straight-line formula. Medium heads give values for discharges that 
agree within i per cent, but the high and low heads will have a some- 
what greater error. The formula agrees with the average straight lines 
drawn through the experimental data within a maximum error of i 
per cent. The error is greatest with the small weirs, decreases as the 
length of the weir increases, and for a length of 4 feet the error is quite 
small. Although the formula is derived from experiments with weirs 
having a maximum length of 4 feet it seems probable that the formula 
will be even closer for weirs with greater crest lengths. 


Tablt^ hi , — Difference betumn discharges computed from the formula 
— o.o/L] and those obtained by experiment^ 

for the neuf type of weir 

I -FOOT WEIR 


Head. 

Observed Q 
correcte<l true 
for length. 

Computed Q. 

Difference in Q. 

Percentage of 
difference.! 

a 200 

Feti. 

0.314 

0 . 320 

-f 0. 006 

+1- 94 

.300... 


•595 

• 596 

*4“ . 001 

4 - . 17 

. 400 


•935 

•925 

-f . 010 

4-1. 07 

. 500. . . . 


I. 299 

I. 302 

4- .003 

-1- . 20 

• 599 - • 


I. 727 

I. 716 

— . on 

— . 60 

.699 — 


2. 183 

2. 174 

— . 009 

- .40 

.800.... 


2. 661 

2 673 

4- . 012 

4 - . 50 

.895..,. 


3 - 113 

3 - 173 

4- . 060- 

4 - 1 . 92 


* Percentage of difference between discharge obtained by computations from the formula 
and by experiment, the bases of comparison being the experimental data. 
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Table III . — Difference between discharges computed from the fomrnla 

and those obtained by experiment^ 
for the new type of weir — Continued 

1.5-IfOOT WEIR 


Head. 

Observed Q 
corrected true 
for length. 

Computed ( 2 - 

Difference in ( 2 - 

! 

Percentage of 
difference. 

Feet. 

a 199 

0. 448 

0. 469 

+0.021 

+4. 69 

.299 

.865 

.876 

+ . on : 

+1- 30 

. 400 

1.360 

1. 369 

4- .009 

+ .66 

•497 

1.907 

I. 910 

+ .003 

+ . 16 

, 600 

2. 560 

2- 551 

— .009 

7 *35 

. 700 

3. 227 

3- 232 

+ .005 

+ . 15 

. 800 

3 - 956 

3 - 967 

+ .Oil 

-f- . 28 

. 900 

4. 728 

4.753 

+ .025 

+ • 53 

• 998 

5 - 521 

5. 570 

+ .049 

+ • 89 

1-099 

6. 378 

6.459 

+ . 081 

+1. 27 

I. 250 

7. 727 

7- 870 

+ 

M 

+1- 8s 


2 -FOOT WEIR 


a 200 

0.590 

0. 619 

+0. 029 

+4. 80 

.300 

I. ir6 

I. 156 

+ .040 

+ 3 - 58 

. 400 

1. 784 

I. 8^ 

+ .016 

+ .90 

. 500 

2- 536 

*• 538 

+ . 002 

+ . 08 

. 600 

3 - 3 S 8 

3.361 

+ .003 

+ .09 

. 700 

4. 288 

4. 261 

— . 027 

7 .63 

. 800 

5. 179 

s- 234 

+ *055 

+1. 06 

. 900 

6. 279 

6.274 

— .005 

- .08 

1. 000 

7 - 358 

7. 380 

+ . 022 

+ .30 

1. 100 

8. 540 

8. S 47 

+ .007 

+ .08 

1. 250 

lo- 335 

10. 406 

+ .071 

+ .69 


3 -FOOT WEIR 
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Table III . — Difference between discharges computed from the formula 

and those obtained by experiment, 
for the new type of weir — Continued 

4-POOT WEIR 


Head. 

Observed Q 
corrected true 
for length. 

Computed Q. 

Difference in ( 2 * 

Percentage of 
difference. 

Feet. 

0. 200 

I. 148 

1 

I* 153 

+0. 005 

+a 44 

• 301 

2. 188 

2. 182 

— . 006 

- .27 

•399 

3 - 417 

3 - 387 

— .030 

- .88 

• 500 

4. 806 

4.817 

+ . Oil 

+ .23 

. 601 

6.427 

6.417 

— .010 

— . 16 

. 700 

8. 158 

8. 141 

— . 017 

— . 21 

•799 

10. 045 

10. 006 

- -039 

- -39 

. 900 

12. 081 

12. 047 

~ .034 

— . 28 

1. 000 

14. 194 

14. 200 

+ . 006 

+ .04 

1. 100 

16. 426 

16. 476 

4- .050 

+ .30 


SPECIFICATIONS FOR CONSTRUCTION AND USE OF THE NEW 
IRRIGATION WEIR 

A plan and elevation of the standard weir is shown in figure 16. The 
weir notch is* rectangular in form, with sharp crest and sides. The floor 
of the weir box must be level with the crest, and it is therefore convenient 
to use an angle iron for the crest, embedding one face of the angle until 
flush with the surface of the floor, the other face of the angle extending 
downward. The sides of the weir notch may also be made of angle iron 
placed in a vertical position, with one end extending below the crest and 
one face of the angle against the angle-iron crest. The angle can then 
be attached to the weir bulkhead through holes placed in the other face. 
This arrangement is durable and inexpensive and will meet the require- 
ment of sharp crest and full lateral expansion for the escaping stream 
of water. The grade of the canal downstream from the weir must be low 
enough to give free fall and complete aeration to the nappe. 

The floor of the weir box must be level throughout, and there must be 
no sudden or decided differences in elevation between the floor and the 
grade of the channel of approach. The weir box must be placed in the 
center of the ditch, so the axial line of the box corresponds with the axial 
line of the canal, in order that the water may enter the weir box in straight 
lines. The width of the weir box must be twice the length of the weir 
crest (2 L) at the plane of the weir, and two and a half times the length 
of the weir crest (2K I') at a distance of 20 feet upstream from the plane of 
the weir. The standard tests were made with a weir box 32.5 feet long, 
except for the 4-foot weir, No. 34, Table I, and the sides were extended 
at the angle indicated above. However, from Table I, Nos. 7, 8, and 9, 
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and lo, 1 1, and 30, it will be seen that for the i-foot weir at least the dis- 
charge through a box 32.5 feet long with sides set to the standard dimen- 
sions is within i per cent of the discharge obtained by placing 90® wings 
at the end of a similar box 20 feet long. The use of 45® wings will cause 
an error of about 2^ per cent. Therefore the weir box for the new irriga- 
tion weir should be made with sides spaced 2 L at the plane of the weir 
and L at 20 feet upstream from the weir, with the sides continuing at 
this angle until they meet the banks of the ditch or canal; or the box 
should be only 20 feet long with wings to connect the sides of the box 
with the canal banks, and these wings should form an angle of 90® with 
the axis of the weir box. The 90® wings (fig. 2) give a discharge about i 
per cent greater than with the extended sides (fig. 4) for a head of 0.2 foot 
and about i per cent less for a head of i foot. 

Extending the sides of the weir box until they are the full size of the 
canal will give more accurate results, but this accuracy may not be re- 
quired, and the saving in cost of construction due to the shorter length 
of the weir box with wings may be more desirable than the i per cent 
of accuracy in measuring the water. Unless the canal bottom is easily 
eroded or scoured, it would not be necessary to extend the floor of the 
weir box beyond 20 feet, even if the sides of the box are extended. 

The comparatively high velocity of the water flowing through the weir 
box causes a wave action and generally disturbed condition of the water 
surface, which makes it quite impossible to determine the head h in the 
open weir box. Any stilling device placed in the weir would interfere 
with the action of the weir, and it is therefore necessary that a still box 
be placed outside the weir box and connected through the side of the 
weir box with one or more i-inch pipes located 6 feet from the plane of 
the weir. The pipe should be placed near the floor of the weir box to 
insure its being submerged for low heads, and care must be used to place 
the pipe normal to the side of the weir box, and not normal to the axis of 
the box. If the pipe is pointed downstream the velocity of the water in 
the weir box will cause a suction action which will make the water surface 
in the still box lower than that in the weir box. If the pipe is pointed 
upstream, there will be a velocity head added to the actual water level 
in the weir box, and the water in the still box will be higher than that in 
the weir box. Although no sand or silt will accumulate in the weir box, 
regardless of the amount carried by the stream, silt may be deposited in 
the still box and clog the connection pipe unless it is cleaned regularly. 
By making a deep still box, space will be provided for such silt accumula- 
tion and therefore less frequent cleaning will be required. The still box 
should have inside dimensions of at least 1 foot by 1 3^ or 2 feet, with such 
depth as is necessary. The head in the still box may be determined by 
means of a scale, a hook gauge, or an automatic registering gauge. 

The new irrigation weir may be constructed of lumber, but the design 
is such that it may be easily constructed ctf concrete. There would te 
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no difficult form work required for the concrete, and it would make an 
inexpensive, durable, and satisfactory measuring device, especially if 
the angle-iron sides and crest of notch were used in connection with the 
concrete box. 

ADVANTAGES OF THE NEW IRRIGATION WEIR 

(1) The new irrigation weir is self-cleaning. The increasing velocity 
of the water from the time it enters the weir box until it passes through 
the weir notch prevents the deposit of sand and silt. Floating materials 
are also carried through the weir. 

(2) No lowering of the canal grade or building up of the banks is 
required for the construction of the weir box. The weir box has only 
one-fourth the depth and a less width than is required for a full-con- 
traction weir. Less excavation and less materials are needed in the 
construction, and the cost of the weir is therefore greatly decreased. 

(3) It may be installed by the fanner without expert assistance and 
with the tools ordinarily at hand. Its operation does not require special 
training. 

(4) Its accuracy is consistent with practical demands and will remain 
constant. 

(5) It can not be easily tampered with or accidentally injured so as 
to alter its discharge. 

(6) There are no working parts which require attention for proper 
operation. There is practically no upkeep expense if the weir is well 
constructed of durable materials. 

(7) When the discharge tables are used, no computations are required, 
because the effect of velocity of approach is incorporated in the tables. 
The weir discharge is expressed in cubic feet per second, which may be 
converted into any units desired. An automatic recording gauge used 
in connection with this weir will give a record of the quantity of water 
discharged at all times, and the aggregate discharge can be computed 
from the record if desired. 

(8) It is not patented, and the entire cost of the weir is for materials 
and the labor of construction. 
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INHERITANCE OF FERTIEITY IN SWINE' 

[PRELIMINARY PAPERJ 

By Edward N. Wentworth, Professor of Animal Breeding^ and C. E. Aubel, Fellow 
in Animal Breeding, Kansas Agricultural Experiment Station 

INTRODUCTION 

Mendelian inheritance applies almost without exception to the trans- 
mission of qualitative characters. Quantitative traits, on the other hand, 
are susceptible only to a generalized treatment from this viewpoint, and 
few investigators have attacked the problem. Size inheritance in animals 
has been dealt with by Castle and Phillips (2)^ Goldschmidt (7), Mac- 
Dowell (10), Phillips (19, 20), and Punnett and Bailey (21), while Detlefsen 
(3) has treated the inheritance of certain skeletal characters. Pearl, 
(15) discovered an arbitrary division point of 30 eggs in the winter laying 
period of hens, for w^hich inheritance apparently depends on two factors, 
one of which follows an ordinary Mendelian, and the other a sex-linked 
scheme. These determiners provide the nearest to units of inheritance 
that have yet been isolated in quantitative studies. 

Because of the fact that fecundity deviates only by discrete units, the 
litter size in swine provides peculiarly favorable material for studying 
quantitative inheritance. An analysis of this material has already been 
attempted from the biometric viewpoint. Rommel and Phillips (24) 
correlated the size of litters in which dams and daughters were farrowed 
and found a correlation coefficient of 0.0601 ±0.0086. They conclude 
from this result that there is an actual positive correlation between the 
size of litters of two successive generations, believing that size of litter is a 
character transmitted from mother to daughter. They recognize the small- 
ness of the coefficient, but believe the indications of inheritance are large 
enough to provide a basis for selection. In studying fertility inheritance 
Pearson and Lee (18) obtained practically similar coefficients with the 
human race and the thoroughbred horse. The range of correlation was 
0.0418 to 0.213; hence, they conclude that fertility is certainly and 
markedly inherited. 

^ Paper No. x from the Laboratory of Animal Technology, Kansas Experiment Station. 

* Reference is made by number to " Literature cited,” p. 1159-1160. 
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Rommel and Phillips (24) studied the inheritance only through the 
female line, taking no account of a possible influence of the male. George 
(6) correlated the size of litter with that of the paternal and maternal 
grandams, respectively. Only 296 litters were involved in his popula- 
tions; hence, his probable errors were large. But in the dam and 
daughter comparisons he approximated very closely the result obtained 
by Rommel and Phillips. His four coefficients follow : 


Daughter and dam o. 061 $±0. 0390 

Dam and grandam ii47± • 0343 

Daughter and maternal grandam 0025^1 . 0392 

Daughter and paternal grandam 0508^: . 0392 


None of these correlations are three times as large as their probable 
error; hence, none are really significant. 

Simpson (25) approached the problem from a Mendelian standpoint 
by crossing a wild German Schwarzwald boar to a young Tamworth 
sow. The Schwarzwald normally averages 4 pigs to the litter, the Tam- 
worth about II. The particular sow used was farrowed in a litter of 12 
pigs, and to the stint of the wild boar farrowed 9 pigs. In the P^ genera- 
tion three females were bred, one to a litter mate and the other two 
to sires unnamed. The first sow produced 4 pigs, the others 4 and 6, 
respectively, all in their first litters. The sow producing the 6-pig 
brood was later served by a pure Schwarzwald boar and farrowed 7 
pigs, being apparently constant for that degree of fertility. One of the 
sows from the brood of 6 gave birth to 12 pigs when mated to a pure Tam- 
worth male. The evidence for a segregation of fecundity factors seems 
fairly clear, although the numbers are small. 

NONGENBTIC FACTORS AFFECTING FERTILITY 

External factors play a great part in the realization of the inborn hered- 
itary capacity for reproduction. Marshall (12, 13) discusses at length 
the relation between season and productivity, while the sterility of wild 
animals in captivity or of domestic animals transferred to vastly different 
altitudes is proverbial. Marshall and Eward (4, 5) have both studied 
the effect of “flushing” in sheep, and Eward has conducted some very 
exhaustive investigations into the relation of the various compounds of 
nutrition to litter size in swine. Using the rate of gain at breeding time 
in gilts ^ as an indication of the state of nutrition, Eward has found as 
much as an average difference of two pigs per litter in favor of the best 
gainers in each experimental lot, when compared with the poorest gainers. 
Protein, added to a nitrogen-deficient ration (com alone) produced a 
marked rise in the fertility of gilts and a medium rise in the fertility of 
older sows. 

Many stockmen believe that overfatness diminishes fecundity. There 
may be both a physical obstruction of the reproductive organs due to 

1 A pilt is a young sow intended for breeding purposes. The term is usually applied only until the first 
litter is produced, although it is sometimes extended throughout the suckhng period. 
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fat and an adipose degeneration of the sex glands. Whether these are 
really causes of decreased fertility is doubtful, since the best evidence 
shows them to be symptoms of reproductive derangement. 

Overfatness occurs frequently as a result of disturbances in the metab- 
olism, due to loss of secretion from several of the ductless glands, the 
sex gland being here included. Castrating or spaying are known to pro- 
mote obesity; hence, it is quite reasonable to assume that if testicular or 
ovarian derangement first occurs, then fat deposition will follow. Over- 
fatness would thus merely indicate and not initiate reduced fecundity. 

Market hog raisers usually believe that pure-bred hogs are deteriorating 
in prolificacy, in line with the common idea that inbreeding ultimately 
results in barrenness. Bitting, in 1898 (i), investigated the average 
size of the first 200 litters and the last 200 litters recorded at that time 
in the herdbooks of the Berkshire, Ohio Poland-China, Standard Poland- 
China, and Improved Chester White registry associations and found 
that during the period in which registration had taken place the Berk- 
shires had decreased 0.19 pig per litter, the Poland-China had increased 
0.225 pig, and the Chester White had increased o.i pig. Rommel (22) 
investigated the same point for a period of 20 years in books of the Ameri- 
can and Ohio Poland-China associations, comparing the average size 
of litter for the first 5 years with the average for the last 5. The in- 
crease was 0.62 pig per litter among the American Poland-Chinas and 
0.43 pig per litter in the Ohio strain. A similar study by Rommel (22) 
on the Duroc-Jersey covering over 15 years showed an increase of 0,57 
pig. The changes which have occurred here are manifestly opposed to 
the idea that purity of blood lines diminishes fertility. On the other hand, 
the purity of blood can not be credited with the increase, since a constant 
selection for large litters has taken place, although an increased homo- 
zygosis for prolificacy might come about gradually with years of such 
mass selection as ordinary stock breeding involves. 

Hammond (8) has shown that ova may be lost either before or after 
fertilization; and, still more importatit, he has discovered that a relatively 
high percentage may atrophy during the earlier stages of embryonic 
growth. Lewis (9) indicated that there may be morphological interfer- 
ences with reproduction, so that fertility may be decreased. He found 
that the sperm cells of the boar are practically all dead after being in 
the uterus for 48 hours, which would, of course, result in a reduced 
fertility. Lewis's results on the viability of sperm differ from those of 
Diihrssen (ii), who observed living sperms in the Fallopian tubes of a 
woman patient three weeks after copulation had taken place. The 
importance of this question is probably confined to individual cases. 

Certain relatively extraneous characters are popularly supposed to be 
correlated with high fertility. Many fanners believe that ‘'big type" 
or “cold blooded" hogs farrow larger litters than “hot blooded," or 
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that “Spotted Poland-Chinas’' are far more fecund than ordinary strains. 
Swine judges commonly consider long-bodied sows more prolific than 
their chubbier mates. A comparison of 1,000 litters of “large type*’ 
Poland-Chinas with 1,100 litters of “small type** showed no significant 
difference in fertility. The mean for the “ large type ** was 7.854^:0.0456, 
and for the “small type** was 7.896 ±0.0436. Furthermore, the stand- 
ard deviation of the two groups was almost exactly the same, being 
2.142 ±0.0323 for the former and 2.i46±o.o309 for the latter. The 
writers have never seen more than isolated instances brought forward 
to confirm the popular ideas on this subject and feel that the bulk of 
such beliefs have resulted from mere advertising schemes. 

Breed certainly has its influence. Bitting (i) has averaged the litter 
sizes for 400 Berkshires, 1,086 Poland-Chinas, and 600 Chester Whites, 
with the following results : 

Berkshire 8. 22 pigs per litter. 

Poland-China 7. 45 pigs per litter. 

Chester Wnite 8. 96 pigs per litter. 

Surface (26) computed the means and standard deviations in the 54,515 
litters of Poland-Chinas and the 21,652 litters of Duroc-Jerseys studied 
by Rommel (22). Ilis constants follow: 


Mean. Standard deviation. 

Poland-China 7. 43 $±0. 01 2. o38=bo. 013 

Duroc-Jersey 9-337± -021 2. 427^ .016 


The large numbers here involved undoubtedly prove that real breed 
differences in fertility exist. 

Pearl (15, 16) found the number of mammae to be correlated positively 
with the number at a birth when different species are compared, but the 
coefficient is very low within the species. Parker and Bullard (14) 
correlated the same characters in 1,000 litters of swine and obtained a 
coefficient of 0.0035 ±0.01 24. The senior author^ treated the same 
point in 170 litters of which he had made genetic studies and obtained a 
coefficient of —0.0059 ±0.05 17. 

These figures certainly demonstrate that the number of mammae in 
swine is not related to fertility; in fact, nothing so far discussed presents 
reliable external characters on which fertility selections can be made. 
Apparently fecundity has as profound a genetic as physiologic basis. 

VALUE OF HERDBOOK DATA 

There is now on record an immense mass of data relating to fertility 
inheritance in swine, in the volumes of the different breed registry asso- 
ciations. In addition to the name and number of the animal, its parents, 
breeder, etc., the size of litter in which it was farrowed is usually stated. 


^Unpublished data. 
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This furnishes opportunity to link together any desired number of 
generations. 

In treating such data, the degree of confidence which can be placed in 
the figure for litter size must be considered. Its accuracy depends on the 
carefulness and honesty of the breeder, the accuracy of the clerks in the 
registry office, and the freedom from typographical errors in the printing 
of the volume. The matter of personal integrity can be accepted to a 
high degree, for fortunately the majority of breeders are quite reliable. 
Whenever falsification wittingly occurs, the tendency is to raise the 
number per litter; but, owing to the publicity involved in pure-bred 
breeding as well as the personality invested in breeding animals due to 
the registry systems, it is doubtful if litter sizes are ever exaggerated by 
more than one or two pigs. 

Investigations in color discrepancies, mistakes in parentage, etc., have 
shown that about 2 per cent of errors are involved in the work of registry- 
office clerks and in printing. Some associations are more careful than 
others, but, of course, none are absolutely free from errors. Unfortu- 
nately swine books show a relatively greater number of mistakes than 
do those published by breeders of some of the other classes of live stock. 

However, assuming, as has been done, that the bulk of the records can 
be accepted, there still remains a question as to their genetic value. It 
is doubtful whether a sow will ever exceed her hereditary possibilities in 
number per litter, but there are many forces that may cause her to fall 
short of that number. Lack of proper nutrition, failure to have all ova 
released or fertilized, loss of ova, atrophy of fertilized ova or embryos, 
and disease may all operate against the complete realization of the 
hereditary make-up. The age at which a sow farrows, the number of 
litters she has per year, and certain other environmental conditions may 
also reduce the litter size. It is interesting to observe that this source of 
error operates in a compensating direction to that of record falsification, 
when such exists, and in the end the two may counterbalance, although 
these physiological and pathological factors operate more often than 
does the misrepresentation of litter numbers. 

After admitting all of these sources of error, but hoping that enough 
records are made under natural conditions to give the figures an investi- 
gational value, there still remains the big question of the geneticist, Does 
the somatic expression of the character indicate the germinal (zygotic) 
condition of the individual ? In other words, Does the fact that a pig 
is farrowed in a litter of eight indicate that it will transmit a tendency to 
produce litters of eight? The answer very evidently is No, and the 
greater the degree of outcrossing in the ancestral lines, the less reliable 
an index of heredity the size of litter is. Yet it is the only single index 
obtainable in the study of herdbook records; so for the present it will 
have to be accepted for what it is worth. 
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ADVANTAGES OF LITTER SIZE INHERITANCE STUDIES 

Accepting the figures for litter size as reasonably representative of 
the hereditary constitution, there are a number of reasons that make 
them desirable material for inheritance studies. The most important of 
these is the fact that the male mated to a female probably does not affect 
the number at a birth. Instead the size of litters a sow produces repre- 
sents the segregation of the tendencies transmitted to her by her father 
and mother. Suppose a sow produces a litter of four pigs and is herself 
from a litter of seven, the seven does not determine in any way the four, 
but instead the segregation of some tendency transmitted by her sire or 
dam is represented. The only check available on this tendency in her 
sire is the size of litter in which he was farrowed, while the same holds for 
the dam, except that her own breeding performance may give an addi- 
tional idea. 

METHOD OF RECORDING THE DATA 


The data on the animals studied were recorded as follows, the figures 
representing the size of litters in which the individuals were farrowed : 


Animal 

4 


Dam 

7 


Grandsire 

4 

Graiidam 

9 


The size of litters produced by sows whose sires came from litters 
of four and whose dams came from litters of seven should give an idea 
(through the variations recorded) of the hereditary factors involved. 
It is admissible that all grandams or all grandsires farrowed in the same 
size of litters may be different in hereditary make-up, but there should 
be enough individuals alike to make the frequency curves at least sug- 
gestive. For convenience, the grandparental generation will be let- 
tered “P,"' the parental generation and the filial generation ‘‘Fj," 

although it is clearly to be understood that this notation does not have 
the regular Mendelian significance. 


DEVIATIONS PER GENERATION 

The mean size of 1,770 litters in the P generation was 7.84 ±0.3494. 
The standard deviation was 2.i8±o.246i. This gives a coefficient of 
variability of 27.80 for this generation. 

The mean size of 885 litters for the F^ generation was 7.82 ±0.4897. 
The corresponding standard deviation was 2. 16 ±0.3462. The coeffi- 
cient of variability here involved was 27.60, practically the same as that 
of the grandparental generation. 

The mean size of 885 litters in the Fg generation was 7.91 ±0.4965, 
while the deviation was 2. 19 ±0.3511, giving a coefficient of variability 
of 27.55. (See Table I.) 
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Table I . — Deviation in size of litters in swine 


Generation. 

Number of 
litters. 

Mean. 

Standard dcvia> 
tion. 

Coefficient of 
variability. 

P 

1:::. . 

1,770 

885 

885 

7. 84 ±0. 3494 
7. 82± .4897 
7 . 9 i± -4963 

2. l8±0. 2461 

2. i6± . 3462 
2. I9± . 3511 

27. 80 
27. 60 
27 - 55 



The mean litter size is quite constant from generation to generation, 
and furthermore quite close to that obtained by Surface (26) for the 
breed in general. If anything of Mendelism is involved here, it is not 
revealed by this method of treatment, for the standard deviation is so 
nearly the same for each of the generations involved as to give no hint 
of segregation. In fact, the coefficients of variability would indicate a 
slowly increasing degree of homozygosis. 

Two interpretations may be placed on these figures. The animals 
studied are either practically constant from a zygotic standpoint, and 
the variations in litter size are due to environmental treatment, or else 
there is so much heterozygosis present in the grandparents that the 
parents are as much Fj ^.s F^ in hereditary make-up. For the present 
the writers are going to use the latter interpretation, as there is no 
evidence at hand to support a belief in the former. 

Table II. — Deviation in litter size of the offspring from the parental generation in swine 


BOAR I 


Size of litter of 
parents. 

Num- 

Fi generation 

1 


Fz generation 



ber of 








mat- 






Boar. 

Sow. 

ings. 

Mean. 

Standard devia- 
tion. 


Mean 

Standard devia- 
tion. 

I 

9 

I 

5 

0 

9 


0 

I 

4 

I 

2 

0 

9 


0 


BOAR 3 


2 

5 

I 

4 

0 

6 

0 

2 

6 

2 

8 ±1.43 

3 dbi. 0117 

7 5 ±o- 239 

• 5 ±0. 1686 

2 

8 

2 

6. s ± . 717 

I- 5 ± • 1737 

4 ± • 479 

I ± -3379 

2 

9 

I 

6 

0 

6 

0 


BOAR 3 


3 

4 

3 

7 ±0. 171 

1. 41 ±0.3433 

9 ±1.704 

4. 32 ±1.194 

3 

6 

2 

6. 5 ± • 239 

. 5 ± . 1686 

8 ± .95 

2 ± .674 

3 

7 

4 

7. 25±I. 6218 

4.8 ±1.1502 

7. 75± .8869 

2. 63± .627 

3 

II 

I 

6 

0 

8 

0 

3 

10 

2 

10 ± -95 

2 ± .674 

II 

0 

3 

14 

I 

II 

0 

6 

6 
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Table II . — Deviation in litter size of the offspring from the parental generation in 

jwtne— Continued 

BOAR 4 


Size of litter of 
parents. 

Num- 
ber of 
mat- 
ings. 

Fi generation 

Fj generation. 

Boar. 

Sow. 

Mean. 

Standard devia- 
tion. 

Mean. 

vStandard devia- 
tion. 

4 

3 

I 

8 

0 

5 

0 

4 

4 

3 

7. 66dbi. 032 

2. 62 ±0. 723 

8 ±0. 631 

I. 63 ±0. 442 

4 

5 

5 

7.2 ± .9951 

3. 29± . 7022 

7. 6 ± . 5202 

I. 72± .3671 

4 

6 

7 

8 ± . 2887 

I.*l 3 db .2037 

7. I4± . 2836 

I. iizb . 2001 

4 

7 

8 

8. 5 ± . 6863 

2. 42 d: . 408 

S-87± .2726 

I. i 4 ± . 1922 

4 

8 

6 

7 - 83 ± -5390 

i- 9 S± •3801 

6. 83± . 7712 

2 - 79 ± • 5438 

4 

9 

6 

7. i6dh . 8127 

! a.94± .5731 

7-33± -4008 

I. 4 S± -2826 

4 

lO 

4 

7 - 25 =t • 5092 

1. Si± .3618 

6- 75 ± -3844 

I. I 4 d: . 2012 

4 

12 

I 

7 

' 0 

12 

0 


BOAR 5 


5 

3 

I 

1 

6 

0 

12 

0 

5 

4 

4 

5. 75±o. 6407 

I. 92 ± 0.4543 

6-5 ± 0-3743 

I. ii±o. 2654 

5 

5 

3 

7 ± • 3195 

.8i± .2239 

6.66± .6666 

I. 69± .4671 

5 

6 

14 

8 ± .3228 

I. 79 ± . 2282 

7. 2I± . 1531 

.85± . 1083 

5 

7 

12 

7 - 9 i± -4464 

2-29± .358 

7. 66± .3099 

1. S 9 ± -2193 

5 

8 

16 

7 - 37 ± -3979 

2. 36± .2817 

7. 56± . 408 

2. 42± . 2889 

5 

9 

9 

8. ii± .3844 

I. 7i± . 272 

8. 22 ± . 5866 

2. 6i± .415 

5 

10 

6 

9 - 33 ± -5943 

2. is± .4191 

8. 66± .3759 

I. 36± .2651 

5 

II 

3 

6. 66± . 4891 

I. 24± .3427 

8. 33 ± -3707 

. 94 db .2598 

5 

12 

2 

4 

0 

9 

0 


BOAR 6 


6 

2 

I 

7 

0 

8 

0 

6 

3 

3 

7. 66 ±0. 8283 

2. 1 ±0. 5805 

3. 33 ±0.6243 

I. 58 ±o. 4367 

6 

4 

3 

4. 66±i. 1161 

2. 83± .7822 

9 -. 33 ± -4391 

I. 24 ± . 3426 

6 

5 

6 

8 6 ± . 6041 

2 ± . 4267 

6 - 83 ± -4533 

I. 64± .3197 

6 

6 

II 

6. 72 ± . 4604 

2. 26± .32«;i 

8. 9 ± .4625 

2. 27± . 3263 

6 

7 

18 

7. 05 ± . 2672 

I. 68± . 1888 

8. s ± • 252 

I. 86± . 178 

6 

8 

24 

7 - 58 ± -3255 

2. 36± . 2300 

7. 46± . 1862 

i- 35 ± • 1315 

6 

9 

15 

8. 4 ± ■ 0046 

2. 74± .0311 

8 ± . 047 

2. 7 ± .0314 

6 

10 

8 

6. 62± .4657 

I. 7i± . 2885 

7.87± .607s 

2. 54± . 4283 

6 

ii 

5 

9 ± -9151 

2. 32± .6414 

5 ± . 6922 

2. 29± . 4887 

6 

12 

3 

7. 66± . 1853 

.47± • 1299 

8. 33 ± I. 136 

2. 88± . 796 


BOAR 7 


7 

3 

i 

6 

0 

10 

0 

7 

4 

4 

7. 5 ±0. 8431 

2. 5 ±0. 5802 

8. 5 ±0. 1631 

5 ±0. 119 

7 

5 

7 

7. 7i± . 4202 

I. 62± . 292 

7. 85± . 6106 

2. 39 ± -431 

7 

6 

17 

7 - 2 S± .2177 

i- 33 ± • 1541 

7 - 58 ± -239 

• 1691 

7 

7 

19 

7. 52 ± .3023 

i. 95 ± • 2135 

7 - 42 ± .3178 

2. os± .2244 

7 

8 

26 

8. o3± .3637 

I. Q 9 ± . 1843 

7. 8 ± .2545 

I. 92± . 1778 

7 

9 

41 

9. 29± . 1958 

i.83± .1363 

8. 82± . 2077 

I. 94 ± . 1445 

7 

10 

8 

8 - 37 ± - 5333 

2 - 23 ± -3760 

6. 62± . 4616 

i- 93 ± *3254 

7 

II 

16 

8. 5 ± . 2596 

1 I. 54 ± . 1838 

8 - 43 ± -4502 

2. 76± . 3187 

7 

12 

6 

8 66± . 5943 

2. i5± . 4191 

6. 5 ± . 6109 

2. 2i± . 4302 

7 

13 

I 

10 

0 

i 

4 

0 
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TablB II . — Deviation in litter size of the offspring from the parental generation in 

swine— Continued 


BOAR 8 


Size of litter of 
parents. 

Num- 
ber of 
mat- 
ings. 

Fi generation. 

* Fs generation. 

Boar. 

Sow. 

Mean. 

Standard devia- 
tion. 

Mean. 

Standard devia- 
tion. 

8 

3 

7 

7. 28±o. 1124 

0. 44 ±0. 0793 

7 ±o- 3193 

I. 25±o. 2254 

8 

4 

8 

8. 75ib . 6721 

2.8 i ± .4738 

7 - 7 S± • 5572 

2 . 33 ± -3928 

8 

5 

II 

7. 33 ± .2634 

I. 9i± . 1861 

8. 27± 6377 

3 - 13 ± -4501 

8 

6 

24 

6. 9i± . 2965 

2. i5± . 2094 

7. 66± . 3062 

2. 22± . 2161 

8 

7 

29 

7. 86± .2394 

I* 9i± . 1692 

7. 82± . 277 

2. 2I± . 1958 

8 

8 

43 

6. 58± . 2519 

2. 45± . 1783 

7. 23± . 2076 

2. 02± . 1469 

8 

9 

34 

8. i4± . 292 

2. 52± . 2124 

8. i7± . 2294 

I. 98± . 1669 

8 

10 

10 

6. 7 ± . 2219 

I. 04 dz . 1565 

8. 4 it . 1462 

5.37± -8083 

8 

II 

10 

7. 8 ±1. 024 

4- 8 di . 7225 

8. 6 it . 512 

2. 4 ± . 3612 

8 

12 

3 

9 ±1. 4061 

3 - 55 ± • 9895 

9. 66± . 8415 

2. 04± . 5639 

8 

^3 

I 

9 

0 

10 

0 


BOAR 9 


9 

2 

I 

5 

0 

9 

0 

9 

3 

I 

5 

0 

7 

0 

9 

4 

6 

7. 83 ±0. 4616 

I. 67±o. 3254 

7. 66ito. 4616 

2. 05 ±0.3996 

9 

5 

12 

7. 5 ± . 3898 

2 it . 2758 

6. 91 it . 4482 

2. 3 ± .3172 

9 

6 

7 

6. 7i± .4444 

I. 74 ± .3138 

7 i4± .6065 

2. 3 S± .4238 

9 

7 

32 

7. S9db . 2232 

r.87± . 1576 

8. 53 ± . 24 Q 5 

2. 09± . 1762 

9 

8 

26 

7 ± . 2663 

2. 01 it . 1861 

7. 5 ± . 3074 

2. 32± . 2148 

9 

9 

35 

7 ± -3172 

2. 95 ± • 2377 

8. 7iit .2158 

2 . IO± . 1693 

9 

10 

14 

8. 66± . 4060 

2. 33± . 2874 ! 

7-53± -3468 

I. 99 ± . 2453 

9 

II 

8 

7. 7 S± *409 

I. 7 i± .2883 

8. 5 ± . 526 

2. 2 ± .3709 

9 

12 

4 

8 db . 1686 

.5 ± -119 

9. 2S± .3709 

I. I ± . 263 

9 

13 

I 

7 

0 

8 

0 

9 

15 

I 

6 

0 

8 

0 


BOAR 10 


10 

1 

I 

8 

0 

14 

0 

10 

3 

2 

9 ±0. 47S4 

I ±0. 3372 

7. 5 ±1.674 

3. 5 ±1. 1803 

10 

4 

2 

9 

0 

7 5 ±1.674 

3 5 ±1. 1803 

10 

S 

4 

7 ± -4755 

I. 4 i± .3372 

7. 2S± .4957 

I. 47 ± -3516 

10 

6 

6 

7. 66± .34 

I. 23± .2397 

8 ± .3897 

I. 4 T± -2749 

10 

7 

16 

7 - 93 ± .3591 

2. 13 ± . 2542 

8. i8± . 4991 

2. 96± . 3533 

10 

8 

24 

8. 29± . 2978 

2. j6± . 2105 

8 26± .3787 

2. 69± . 2676 

10 

9 

II 

8. 9 ± . 6153 

3. 02± .4343 

8. 63± .3586 

I. 76± .2531 

10 

10 

14 

6. 78± . 4128 

2. 29± . 2919 

7 S 7 ± . 2777 

I 54 ± . 1963 

10 

11 

4 

8. 25± .435 

I. 29± . 3085 

9. 5 ± • 5598 

I. 66± .397 

10 

12 

6 

8-5 ± -525 

I. 9 ± -370 

8. 63± . 5888 

2. I3± .4151 

10 

14 

I 

10 

0 

8 

0 


BOAR Z1 


II 

3 

1 

9 

0 

10 

0 

n 

4 

I 

6 

0 

9 

0 

II 

S 

5 

6.8 ±0.0574 

1.9 ±0.0405 

8.2 ±0.5111 

1.69 ±0.3607 

II 

6 

6 

8 ± . 5749 

2. o8± . 4054 

6 . 33 :t .4644 

1. 68 ± . 327s 

II 

7 

12 

7 - 33 ± •3004 

I. 54 ± -2124 

7 85± .3804 

2. 007 ± . 2705 

ii 

8 

4 

8. 5 ± . 1686 

. 5 ± • ”90 

8 75 ±i. 2107 

3- 59 ± * 8586 

II 

9 

6 

8. 83± .6053 

2. I9± . 4269 

8. i6± . 4809 

I. 74 ± • 3391 

11 

10 

6 

7 - 5 ± • 3434 

I. 25± . 2422 

8. 66± . 4646 

I. 69 ± . 3277 

II 

13 

I 

6 

0 

12 

0 

II 

15 

I 

9 

0 

9 

0 
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Tabi^S II . — Deviation in litter size of the offspring from the parental generation in 

jwine— Continued 

BOAR 12 


Size of litter of 
XMircnts. 

Num- 
ber of 
mat- 
injjs. 

Fi eeneration. 

Bs generation. 



Mean. 

Standard devia- 
tion. 

Mean. 

Standard devia^ 
tion. 

12 

2 

I 

9 

0 

7 

0 

12 

4 

2 

9. 5 ± 0. 238 

. 5 dbo. 118 

8. 5 d: 0. 238 

. 5 ±0. I18 

12 

5 

2 

4 ± • 956 

2 ± .6745 

7 

0 

12 

6 

1 

8 

0 

10 

0 

12 

7 

5 

7. 6 ± . 554 

I. 85± .3001 

9. 2 ± .399 

I. 32± . 282 

12 

8 

6 

a 82 dh . 384 

i-39± -27 

8. 5 ± .671 

2-4 ± -473 

12 

9 

6 

6. 5 ± . 591 

2. 14± . 414 

7-83± -387 

I. 4 ± -272 

12 

10 

I 

II 

0 

10 

0 

12 

II 

2 

II 

0 

8. 5 ± .717 

I- S ± • SOS 

12 

12 

I 

10 

0 

12 

0 

12 

13 

2 

7 

0 

9-5 ± -717 

I-S ± - SOS 


BOAR 13 


13 

6 

3 

8. 66± 

0. 493 

i. 25 ±a 345 

8 . 33 ± 

0. 185 

0. 

47 ±0. 129 

13 

8 

2 

9 * 5 ± 

•717 

I. S ± • SOS 

7 

± 

• 9 S 6 

2 

± •674s 

13 

9 

2 

II. s ± 

. 717 

I. S ±'. SOS 

9 

± 

■ 9 S 6 

2 

± .6745 

13 

II 

I 

10 


0 

6 



0 


13 

12 

2 

7.5 ± 

. 168 

• 5 ± • 24 S 

10 

± 

•479 

I 

± -337 

13 

13 

5 

9 6 ± 

. $26 

I. 74 ± .371 

10 


• 9 S 6 

2 

± .6743 


BOAR 14 


14 

8 

2 

9 

0 

10. 5 db 0. 239 

0. 2 5 dbo. 1686 

14 

9 

I 

9 j 

0 

II 

0 

14 

i 

12 

I 

7 

0 

3 

0 

BOAR 15 

15 

8 

■ 

mm 


8 

i 

0 


INDIVIDUAL EVIDENCES OF SEGREGATION 

Table II is produced by treating the litter size as a detailed character 
and comparing the parental generation with offspring. The average of 
the Fj deviations is 1.87 ±0.0549, while the Fg mean deviation is 1.92 ± 
0.0582. The probable errors make these two constants overlap, so that 
the individual treatment when lumped seems no more significant than 
when the deviations per generation are considered. Yet many individual 
evidences of segregation exist, and many times the F2 generation from a 
particular cross is so small in numbers that only a fragmentary view of 
the segregable possibilities is obtained. 
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While it is possible that 90 per cent of the litter sizes in these tables do 
not represent the exact genetic constitution, yet it is probable that in 
general the greater the disparity in litter sizes between the two animals 
in the P generation, the greater will be the expected deviations in the 
F3, and the smaller the deviations in the generation. The following 
results, Table III, are produced by tabulating the averages of the devia- 
tions on this basis. 


Table III . — Average deviations in Utter si'ze in the Fi and F2 generations of swine 


Difference in number of pigs in 
the two P litters 

0 

I 

2 

3 

4 

5 

6 

7 

8 

Fj deviations 

2. 13 

I. 89 

I* 93 

2. 04 

2. 19 

I. 82 

I. 32 

I. 12 

o- 5 

Fa deviations 

1 

I. 91 

I. 84 

2. 16 

2. 10 

2. 16 

I. 71 

I. 72 

I. 98 

•5 


A calculation of the probable errors involved in this table shows that 
only the difference between the F^ and Fj deviations where the disparity 
in litter size is seven pigs is large enough to be mathematically significant. 
The difference when the parents vary from each other by two pigs and by 
six pigs is on the border line between significance and nonsignificance, 
but the five other columns are distinctly unenlightening. Yet, if the 
difference of two pigs is barred, the results are what might be expected. 

One criticism against the preceding method of treatment is thoroughly 
valid. If swine fertility depends on only one or two genetic factors, it 
is obvious that the point at which the difference between the two parents 
occurs is more important than the degree of difference. For example, if 
there is a physiological division point between two hereditary factors at 
six pigs, then a difference of two or even of four below six pigs might not 
be significant, while a difference of one more or one less in a litter of six 
or seven pigs would be thoroughly significant. An examination of the 
data from this point of view is now in progress, but it is probable that the 
key to the situation will only be discovered by breeding experiments. 

CURVES OF UTTER FREQUENCIES 

The distribution of the different sizes of litters in the three generations 
is given in Table IV. ’ 


Table IV . — Litter frequencies in swine 


Generation. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

X 3 

14 

XS 

•p/Expected . .. 

0. iz 

1*5 

9.8 

39 

108 

316 

324 

370 

334 

216 

X08 

39 

9.8 

I - 5 

0. xx 

*^\Actual 

3 

9 

30 

80 

134 

198 

300 

362 

318 

• 162 

91 

59 

36 

6 

3 

jf ./Expected 

•05 

•75 

4. 9 

19 

54 

108 

162 

i 8 s 

162 

X08 

54 

X 9 

4. 9 

•75 

.05 

^ ‘lActual 

0 

s 

14 

33 

69 

132 

149 

x6i 

Z49 

8 s 

62 

33 

8 

4 

3 

p jExpected... 

•05 

•75 

4 9 

19 

54 

108 

162 

x 8 s 

162 

108 

54 

19 

4.9 

•75 

•OS 

^nActual 

0 

4 

17 

33 

63 

107 

154 

172 

135 

95 

S 9 

30 

XX 

3 

3 
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Figures i, 2, 3, and 4 show the curves for the litter frequencies in the 
three generations and indicate how close the actual numbers of litters 
come to the binomial curve (x + y)*^. It is perhaps incorrect to call the 
theoretical frequencies recorded in Table IV “expectations/* unless it is 
clearly understood that they are the expectations founded on the nearest 
binomial. There is nothing in the inheritance to make them true expec- 
tations from an experi- 

f f T f f r f ? ^ ^ mental standpoint. 

The curve of the actu- 

B al distribution spreads 

out at the extremities 
much wider than should 

be expected on a chance 

basis. This is true in re- 
gard to both extremes 
of the curve and makes 
^ it appear as though the 

\ curve were compound — 

\ i. e., the sum of several 

^ \ curves having separate 

I p [\ means from which devi- 

^ I \\ ations take place. An 

/ \ . analysis on this basis 

/C>C> -/J . 

/ j gives two small curves 

> / \ at the extremes, which, 

\\ while they do not give 

J J perfect Gaussian distri- 

butions, are characteris- 

0 1 ■ 1 ■ ^ 1 ■ I ■■ ■ 1 

^ , tic enough to make the 

Fig. I.— Curve of litter frcquenaes in the P generation of swine. , _ . 

assumption of another 

mean for eac*h perfectly valid. The modes of these three curves are as 
follows: 


Curve 1 4 pigs per litter. 

Curve 2 8 pigs per litter. 

Curve 3 12 pigs per litter. 

* 0 


It is premature to announce that these modes represent centers of 
deviation for genetic factors, although a casual observation of the individ- 
ual data makes it seem that this condition may exist. Furthermore, 
the mode of curve i corresponds to the degree of fertility which Simpson 
states is characteristic of the wild hog, while the mode of curve 3 is very 
close to that of the Tamworth, the most fecund of domestic breeds. 
This indicates that the two may represent basic and improved factors 
for fertility, respectively, while curve 2 represents heterozygous con- 
ditions. 
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Before these curves 
can be accepted as 
more than merely sug- 
gestive a further anal- 
ysis must be made. 
There is a significant 
deviation from ex- 
pectancy in the right- 
hand branch of the 
curve of the total pop- 
ulation, which persists 
even after the separa- 
tion into three curves. 
In figure 4 this defi- 
ciency is located in the 
left-hand branch of 
curve 3, but the minus 
deviations may just as 
logically belong in the 
right-hand branch of 
curve 2, suggesting 
that it also may be 
compounded of two 
curves dependent on a 
genetic factor not dis- 
closed thus far. 

Paralleling this 
study some actual 
matings of swine have 
been planned and are 
in progress. 

SUMMARY 

(1) Fertility in swine 
offers favorable mate- 
rial for the study of 
quantitative inheri- 
tance, because the 
units of deviation are 
discrete. 

(2) Biometric stud- 
ies of litter size with 
mother and daughter 
have indicated a small 
degree of inheritance. 

(3) Crosses of breeds 
having different mean 




Fig. 3.— Curve of litter frequenaes in the F« generation of swine. 
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litter sizes have suggested that segregations of fecundity factors may 
take place. 

(4) Numerous nongenetic factors limit the full expression of the inborn 
possibilities of fertility. 

(5) Certain few somatic characters may be correlated cither in a 
physiological or genetic manner with the different degrees of fecundity, 
but the bulk of characters usually assumed to be so related are probably 

entirely independent 
of it. 

(6) Herdbook data 
on the fertility of swine 
present sources of er- 
ror, but the percentage 
of error is low enough 
to permit the statistics 
to be suggestive. 

(7) Numerous influ- 
ences exist which lower 
the size of litter, which 
sources of error may 
operate in a manner 
compensatory to those 
just mentioned. 

(8) It is questionable 
whether the size of lit- 
ter represents the he- 
reditary factors trans- 
mitted, but the somatic 
character was perforce 
accepted at face value 
in these studies. 

Fig. 4.— Diagram of the combined litter frequencies for the tliree There is nO re- 
generations of swine analyzed into its component curves. < 

Auction in vanability 

in the litter sizes of the dams as compared with the grandparents or 
progeny, as would result if there were homozygous differences for fertility 
in the grandparents. Hence, the fertility deviations are either non- 
germinal or else the degree of heterozygosis is so great in the grandparents 
that no increased variability in the generation is possible. The latter 
explanation is probably the correct one. 

(10) The frequency curves for the 3,540 litters studied make it appear 
that there are at least three centers of deviation in swine fertility. These 
centers possibly correspond to genetic factors involved in the inheritance 
of fecundity. 
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RELATION OF GREEN MANURES TO THE FAILURE OF 
CERTAIN SEEDLINGS 


By E. B. Fred, 

Agricultural Bacteriologist t Agricultural Experiment Station of the 
University of Wisconsin^ 

INTRODUCTION 

In a previous report it has been shown that if green manures are turned 
under and the soil planted immediately, a decrease in germination may 
result. For example, a 20-acre field, half in crimson clover {Trifolium 
incarnatum) and half in fallow, was plowed and planted to cotton {Gas- 
sy pium 9 pp.) (17, p. 26).^ On the crimson-clover plot the cotton failed 
almost completely to germinate. Here and there a few crippled seedlings 
appeared, while on the fallowed plot normal germination occurred. Seed 
from the same lot was used on both plots. The green manure in some 
way seriously affected the germination of the cottonseed. Three weeks 
later the green-manure plot was again seeded to cotton. Germination at 
this time was perfectly normal. Apparently the harmful factor disap- 
peared during the interval of three weeks. 

A more extensive study of the substances affecting seed germination 
and of the factors involved was deemed advisable. The controlling idea 
in this investigation was a study of the effect of green manures on the 
germination of different seeds. In determining the percentage of germi- 
nation, only those seedlings that appeared above the surface are recorded. 

The amount of green manure used was determined from the following 
calculation : A good crop of clover should yield from 4 to 5 tons of undried 
green hay per acre. If i acre of soil 3 inches deep weighs 1,000,000 
pounds, then i per cent of green clover is comparable to the amoimt 
employed under field conditions. Except in rare cases this amount of 
green manure was used in all of the laboratory studies. The green plant 
tissue was cut just before blooms began to form, finely chopped, and 
mixed thoroughly with Miami silt loam soil from the Experiment Station 
farm. The soil moisture was maintained at 50 per cent saturation. 
All tests of germination are recorded in percentages. Photographs were 
made of the young seedlings two weeks after planting. 

EFFECT OF GREEN MANURES ON THE GERMINATION OF VARIOUS 

SEEDS 

Since it has been shown that seeds of different plants vary widely in 
chemical composition, it is very probable that they will react differently 
toward green manures. This experiment was planned to test the effect 

‘ Published with the permission of the Director of the Wisconsin Agricultural Experiment Station. 

* Reference is made by number to “ literature dtcd,’* p. 1175-1x76. 
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of decomposing plant tissue on the germination of buckwheat, castor 
beans, corn, crimson clover, flax, hemp, lupines, mustard, oats, peanuts, 
soybeans, sunflower, and wheat. The percentage composition of these 
seeds is given in Table I. 

Table I. — Th^ percentage composition of various seeds (il, 20) 


Name. 

Fat. 

Crude 

protein. 

Nitrogen-free 

extract. 

Crude fiber. 

Ash. 

Castor bean (Ricinus communis) 

51-37 

18. 7S 

I- 5 

18. I 

3- I 

Peanut {Arachis hypogaea) ... . 

45 

25 

18 


2 to 5 

Flax {Linum usitatissimum ) . .. . 

33-7 

22. 6 

23.2 

7- I 

4-3 

Hemp {Cannabis saliva) 

32- 58 

18. 23 

21. 06 

14. 97 

4. 24 

White mustard {Brassica alba ). . 

29. 66 

27- 59 

20. 83 

10. 27 

4 - 47 

Sunflower {Helianthus annuus ) . 

28. 79 

16.3 

17. 28 

27.9 

3-3 

Cotton {Gossypium herbaceum ). . 

20. 86 

19. 69 

23- 43 

21. I 

3-8 

S^bean {Glycine soja) 

White lupine {Luptnus albus). 
Oat {Avena sativa) 

17. 00 

35 - 00 

26. 00 

5to6 

4.5 

6. 79 

28. 78 

33- 6s 

II. 92 

2.99 

5- 27 

10. 25 

59. 68 

9- 97 

3. 02 

Cora {Zea mays) 

Buckwheat {Fagopyrum tatari- 

4. 5 

9. 5 

68. s 

I 

2. 18 

I. 6 

cum) .... 

2. 68 

II. 41 

58- 79 

II. 44 

2.38 

Wheat {Triticum sativum) 

I. 65 

10. 93 

70 01 

2. 12 

I. 92 


The seeds are grouped according to fat content; those richest in fat 
are given first. The marked difference in the chemical composition of 
various seeds is very noticeable. For instance, castor beans contain 
more than 50 per cent of fat, while oats contain less than 2 per cent. 

According to Nobbe (16, p. 173), seeds rich in oil require more oxygen 
for germination than starch seeds. In Tables II, III, and IV data are 
presented concerning the effect of green manures on various seeds. In 
every case the seeds were tested under identical conditions. The figures 
of Table II show the effect of i per cent of green clover on the germina- 
tion of buckwheat, com, hemp, lupine, and sunflower. 

Table II. — Effect of green clover on the germination of various seeds 


No. 

Seed. 

Treatment. 

Germination. 

I week. 

2 weeks. 

Relative. 




Per cent. 

Per cent. 

Per cent. 

I 

Buckwheat 

None 

75 

90 

100 

2 

... do 

I per cent clover 

90 

90 

100 

3 

Corn 

None 

100 

1 00 

100 

4 

.do 

I per cent clover . . . 

95 

100 

100 

5 

Hemp 

None 


oc 

100 

6 

. do 

I per cent clover . . . 

y j 

65 

VO 

65 

68 

7 

Lupine 

None 


80 

100 

8 

do 

I per cent clover . . . 

/ D 

60 

60 

75 

0 

Mustard 

None 



100 

zo 


I per cent clover . . . 

55 

55 

S8 

II 

Sunflower 

None 

00 

00 

100 

13 


I per cent clover . , . 

90 

yw 

1 90 

100 
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The average percentage of germination in duplicate pots, after one and 
two weeks, is recorded in Table II. The last column gives the relation 
between the treated and untreated seeds. A glance at the figures shows 
clearly that buckwheat, com, and sunflower were not injured by green 
manures. On the other hand, hemp and mustard were seriously injured; 
the latter showed the greatest loss. Lupines are not so sensitive as 
mustard or hemp toward green manure, although a slight decrease in 
germination is noted. 

As regards fat content, it will be seen that with the exception of sun- 
flower those seeds rich in oil are the most sensitive to green manuring. 
The very quick germination of sunflower seed may explain their resistance 
to the injurious factor. 

Table III presents data to show the striking difference in behavior of 
fat and starch seeds toward green manures. A comparison of the injury 
resulting from the use of green clover and green oats is made. 

Table III . — Effect of green clover and oats on the germination of cottonseed and wheat 


No. 

Seed 

Treatment 


(iiTin Alia lion 


1 week. 

1 

2 w'ceks 

1 

3 weeks.. 

PwClative. 




Per cent. 

Per cent. 

Per cent. 

Per cent. 

I 

Cotton 

None 

85 

1 92 . 5 

92 . 5 

100 

2 

. . do 

I per cent of oats . . . 

45 

<'5 

^>5 

70 

3 

do 

I per cent of clover 

17 - S 

17-5 

17- 5 

19 

4 

Wheat 

1 None 

95 

100 

100 

too 

5 

.do 

I per cent of oats. 

85 

90 

90 

90 

6 

do 

^ 1 per cent of clover 

8 S 

85 

«5 

1 

85 


The germination of cotton was seriously injured by the presence of 
green manures; the green clover was much more harmful than oat 
tissue. Wheat was little affected by the use of green manure. The 
data confirm the results of the preceding test — that is, that seeds rich in 
eil are especially sensitive to green manures. It appears that the per- 
centage of injury depends to a certain degree on the source of the plant 
tissue. Plate LXXXIII, figure i, is reproduced from a photograph of 
cotton seedlings two weeks after planting. In order to make the seed- 
lings more visible, a thin layer of white quartz sand was poured upon the 
surface of the soil. 

With soybeans in place of wheat, this exi)eriment was repeated, as 
shown in Table IV. 



1164 


Journal of Agricultural Research 


Vol. V, No. as 


TablB IV . — Effect of green clover and oats on the germination of cottonseed and soybeans 


No. 

Seed. 

Treatment. ' 

Oerxnination. 

I week. 

a weeks. 

g weeks. 

Relative. 




Per cent. 

Per cent. 

Per cent. 

Per cent. 

I 

Cotton. . . 

None 

95 

100 

100 

100 

2 


I per cent of oats 

35 

35 

35 

35 

2 

do ... . 

I per cent of clover. . 


10 

10 

10 

0 

4 

Soybean . . . 

None 

100 

100 

100 

100 

5 


I per cent of oats 

40 

40 

40 

40 

6 


I per cent of clover. . 

30 

60 

60 

60 


Here it was again found that the oil seeds are very sensitive to green- 
manuring. Soybeans are more resistant to this injury than cotton. 

As regards the source of the green manure, the results of numerous 
tests indicate that clover causes a greater loss than oat tissue. An 
exception to this is found with soybeans (Table IV). No satisfactory, 
explanation has been found for the different action of these two sub- 
stances. The average of three total-nitrogen analyses shows that clover 
contains 80.27 per cent of moisture and 4.8 per cent of protein (dry 
, basis). The oats contained 82 per cent of moisture and 3.96 per cent of 
protein. Chemical analyses fail to disclose any very striking differences 
between the clover and oat tissue. Indeed, the protein content is nearly 
the same in both substances. It is possible that the nitrogen of legumes 
is more available than that of nonlegumes (14). It was noticed repeat- 
edly that clover tissue decomposes more rapidly than oat tissue. 

EFFECT OF TIME OF PLANTING AND QUANTITY OF GREEN MANURE 
ON THE GERMINATION OF COTTON SEED 

Ten half-gallon jars were filled with soil and treated as shown in 
Table V. 

Tabi^U V . — Effect of time of planting and quantity of clover on the germination of 

cottonseed 


No. 

1 

Treatment 

Germination. 

1 Planted immediately. 

Planted two weeks later. 

X 

week. 

3 

weeks. ^ 

3 

weeks. 

Rela- 

tive. 

I 

week. 

a 

weeks. 

weeks. 

Rela- 

tive. 



Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Per ct. 

Perct. 

I 

None 

90 

90 

90 

100 

90 

95 

95 

100 

2 

0.25 per cent of clover . . 

60 

60 

60 

66 

90 

95 

95 

100 

3 

0.5 per cent of clover . . . 

50 

50 

50 

55 

80 

95 

95 

100 

4 

i.o per cent of clover. . . 

35 

35 

35 

38 

100 

xoo 

100 

100 

5 

2.0 per cent of clover , . . 





7 e 

Sq 


80 

6 

3.0 per cent of clover . . . 





70 

8s 

8s 

89 
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From the data of this experiment it is very evident that the serious 
injury caused by green manures is only temporary. Two weeks after 
the green manure was turned under, the conditions that affect seed ger- 
mination disappeared. Aside from the temporary nature of the inju- 
rious agent, it will be seen that the percentage of injury is fairly propor- 
tionate to the amount of green clover used. In the presence of 0.25 per 
cent, the rate of germination was decreased 34 per cent, while more than 
I per cent of green manure entirely prevented germination. A compar- 
ison of the effect of green manures in different stages of decomposition 
on cotton germination is shown in Plate LXXXIII, figures 2 and 3. 

FIELD EXPERIMENTS WITH GREEN MANURES 

Early in the spring of 1914 a series of plot experiments with various 
seeds was made. For this purpose a good clover sod from the Experi- 
ment Station farm, near Madison, Wis., was chosen. This sod was 
divided into three equal sections: A, Clover; J 5 , oats; and C, unplanted. 
The sections were subdivided into six plots, as shown in Table VI. 
Section A was allowed to remain in clover, while B and C were plowed, 
section B planted to oats, and C left without any crop. When the oats 
in section B and the clover in section A were partly in bloom, the soil^ 
was plowed and prepared for planting. One half of each section was 
planted immediately, the other half 25 days later. It was arranged to 
study the effect of clover and oat tissue on the germination of cotton, 
com, hemp, oats, and soybeans. The same weight of seed was planted 
in each plot. The results of this series of tests are given in Tables VI 
and VII. 


Table VI . — Effect of green clover on the germination of various seeds 



I 

i 

Planted immediately after turning under. 

Germination of seed 
planted 25 days af- 
ter turmug tmder. 

No. 

Seed. 

With clov^er. 

Unplanted. 

With 

clover. 

1 

Uh- 

planted. 



Seed ger- 
mination. 

Weight. 

Seed ger- 
mination. 

Weight. 

I 

Cotton 

60 

Pounds, 

91 

Pounds. 

190 

210 

2 

. . . .do 

71 


129 


202 

218 

3 

Com 

76 

21 

79 

1 ^7 

68 

75 

4 

Hemp 

Few. 

8 

Many. 

27 

1,050 

Fine. 

S3 

1,130 

Fine. 

88 

5 

6 

Oats 

Soybean 

50s 

58 

4 

474 

83 

5- 5 

i 
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Tabl:® VII . — Effect of oais on the germination of various seeds 


No. 

Seed. 

1 . Germination of seed. 

Planted immediately af- 
ter turning tmder. 

Planted as days after 
turning under. 

With oats. 

Unplan ted. 

With oats. 

Unplanted. 

I 

Cotton 

100 

210 

134 

140 

2 


I17 

218 

125 

13 1 

3 

Com 

62 

75 

72 

73 

4 

Hemp 

450 

1,130 

210 

320 

5 

Oats 

Many. 

Many. 

Many. 

Many. 

6 

Soybean 

35 

88 

39 

40 


From these tables it will be seen that green manures seriously injure 
the germination of cotton, soybeans, and hemp, while com and oats are 
not affected. The diminished germination is not confined to clover 
tissue, but is noted with oats. This effect of the plant tissue on germi- 
nating seeds is also observed in the weight of harvest. Unfortunately, 
because of climatic conditions, the cotton could not be grown to matu- 
^ rity. On adjoining plots, where the green manure was allowed to decom- 
pose for 25 days before planting, no injury was observed. 

The field data show (i) that green manures largely prevent the germi- 
nation of certain oil seeds, and (2) that the unfavorable condition is 
only temporary. 

NATURE OF THE INJURIOUS AGENT 

There are a number of possible causes that might account for the 
destructive influence of green manures on seed germination : 

First, the green manure greatly increases the number and variety of 
micro-organisms. The organisms on the plant tissue may be harmful, 
or conditions proper for the development of harmful organisms may 
arise. 

Second, the large gain in number of organisms, after the addition of 
green manure, results in a possible accumulation of substances toxic to 
germination — for example, poisonous by-products of decomposition, as 
alkali or acid. 

Third, the rapid multiplication of micro-organisms, which results in an 
increased metabolism, causes soil oxygen to be consumed and carbon 
dioxid to be given off. Such loss in oxygen and gain in carbon dioxid 
might conceivably retard or prevent germination. If it is assumed that 
oil seeds require more oxygen for germination than starch seeds, the 
third supposition should apply particularly to seeds rich in fat (16, p. 173). 
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EFFECT OF SOIE TYPE 

In order to ascertain the relation to soil type of the agent causing a 
decrease in germination, a series of tests was made. Four soil types 
were used : Colby silt loam, Miami silt loam, Sparta acid sand, and neutral 
sand. The results of the first test are given in Table VIII. 

Table VIII. — Effect of green manure on the germination of cottonseed 


No. 

Soil. 

Treatment. 

Germination. 

Rela- 

tive. 

I 

week. 

2 

weeks 

weeks. 




Per ct 

Per ct. 

Per ct. 

Per ct. 

I 

Colby silt loam (acid) 

None 

00 

00 

00 

100 

2 

do 

I per cent of clover 

35 

45 

50 

55 

“2 

Miami silt loam 

None 

7c 

75 

75 

100 

0 

4 

. . . .do 

I per cent of clover 

35 

35 i 

35 

50 

5 i 

Miami silt loam, half sand 

None 

95 

95 

95 

100 

6 

do 

I per cent of clover 

45 

45 

45 

50 

7 ! 

Sand 

None 

80 

80 

80 

100 

8 

. . . .do 

I per cent of clover 

90 

90 

90 

II 2 

9 

Sparta acid sand 

None. 

80 

80 

85 

100 

10 


I per cent of clover 

70 

70 

70 

82 


For the purpose of securing variation in texture, dilutions with Miami 
soil and quartz sand were made. From the data obtained, it seems that 
the property of reducing seed germination is common to both silt loams, 
but is absent or almost inactive in the sands. Since the relative decrease 
in germination is approximately the same with Miami or Colby silt loam, 
it appears that soil reaction is not one of the controlling factors. In 
neutral or add sand no decided injury was noted. The results of a 
second series of tests confirm the above statement. Just why sandy 
soil should prove less efficient than the loams is not evident from the data, 
unless it is due to the absence of the injurious factor. 

EFFECT OF POvSITION OF GREEN MANURE 

It was arranged to study the effect on seed germination of plant 
tissue at different depths. Green clover was added at the rate of i per 
cent. The results secured were as follows: When the green manure 
was placed in the bottom of the jar, 80 per cent of cotton germinated; 
in the middle, none germinated; on top, 10 per cent germinated. It is 
evident that green clover must be in close contact with the seed in order 
to be effective. This may be shown by wrapping cotton seeds with clover 
leaves. One or two clover leaves greatly injured seed germination. 
Plate LXXXIII, figure 4, shows the effect of position of green manure 
on seed germination. 
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EFFECT OF INCREASED AERATION 

In view of the different action of green manures in compact and open 
soils, it was decided to make a series of tests under conditions that tend 
to remove gaseous substances. For this purpose, specially designed 
jars with openings in their bottoms were employed. By means of a 
glass tube connected with the bottoms of the jars, air was forced through 
the soil. In these tests air was allowed to pass through the soil for 
20 to 30 minutes every day. A comparison of germination in the aerated 
and unaerated soils failed to show any difference. Change in soil air 
did not lessen the injury. 

EFFECT OF TEMPERATURE 

It is a well-known fact that slight changes in temperature often greatly 
increase or decrease the growth of micro-organisms. Accordingly a 
test was made with three variations in temperature. 

Table IX . — Effect of temperature on germination of cottonseed 


No. 

Treatment. 

Tempera- 

ture. 

Germination. 

Relative. 

4 days. 

8 days. 



•c. 

Per cent. 

Per cent. 

Per cent. 

I 

None 

25 

8$ 

8s 

100 

2 

I per cent of clover 

25 

55 

55 

64 

3 

None 

30 

95 

95 

100 

4 

I per cent of clover 

30 

35 

35 

36 

5 

None 

37 

100 

100 

100 

6 

I per cent of clover 

37 

80 

80 

80 


About 30® C. seems to give the greatest injury; lower or higher tem- 
peratures fail to cause so great a decrease in germination. 

EFFECT OF CERTAIN DECOMPOSITION PRODUCTS 

In the decomposition of plant tissue many substances are liberated — 
e. g., ammonia and carbon dioxid. The relation of ammonium hydroxid 
to seed germination has been studied by Bokorny (3; 4, p. 37). He 
found that small quantities of ammonium hydroxid, 0.02 per cent, 
greatly retarded the germination of cress. It seems that the active pro- 
tein of the cell is very sensitive to ammonia. 

AMMONIUM HYDROXID 

A series of tests was made using from o.i to o.oi per cent of ammonium 
hydroxid. Four different seeds, cotton, com, soybeans, and wheat, were 
allowed to germinate between cloths saturated with the varying concen- 
trations of ammonium hydroxid. It was found that 0.05 or o.oi per 
cent proved injurious, while o.i per cent prohibited all germination. 
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Since it was established that ammonia is harmful to seed germination, 
another test was carried out to study the ammonia produced by micro- 
organisms. The results of this study are shown in Table X. 

Tabi<^ X . — Effect of sugar and of clover on ammonification 


Ammonia nitrogen in loo gm. of soil. 


Time in a-day intervals. 

No treat- 
ment. 

I per cent of 
sugar added 

I per cent of 
clover added. 


Mgm, 

Mgm. 

Mgm. 

I 

I. 98 

2. 0 

3 * 3 

2 . . . . 


2 . I 

4. 3 

7 


I. 96 

2 8 




4 


1.4 

2. 4 

5 


I. 4 

2. 5 

6 

I. 90 

2 . 5 

2. 6 

Total .... 


11. 36 

17.9 


Since ammonia formation is largely a product of bacterial action, it 
was thought that sugar or green manure would cause an enormous 
increase in this substance. The data of Table X show a slight gain in 
ammonia in the treated soils, but the amount is far too small to affect 
germination seriously 


CARBON DIOXID 

It was found that carbon dioxid, when added in large quantities, re- 
tards germination but does not cause the seeds to decay. As soon as 
the carbon dioxid is removed, germination proceeds in a normal manner. 
In Table XI is given the periodic evolution of carbon dioxid from soil 
treated with i per cent of sugar and i per cent of clover. 

Table XI . — Effect of sugar and clover on carbon-dioxid evolution 


Carbon dioxid in loo gm of soil 


Tunc in days. 

No treatment. 

1 per cent of 
sugar added. 

1 per cent of 
clover added. 


Mgm 

Mgm. 

Mgm. 


4. 62 

22. 0 

16. 02 

2 

6. 82 

17. 2 

12. 7 

3 

9. 46 

36- 52 

22. 0 


7. 21 

37 - 84 

22. 75 

5 

7 - 57 

33 - 97 

22. 7 

6 

7. 74 

29. 35 

24. 2 

7 

7. 65 

26. 40 

24. 42 

8 

9. 68 

25. 30 

22. 22 

Total 

60. 75 

228. s8 

167. 01 
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From the data in this table it is evident that the amount of carbon 
dioxid evolved in the presence of sugar or clover is far too small to exert 
a marked effect on germinating seeds. 

CALCIUM CARBONATE 

It is well known that free acids greatly retard or prohibit germination 
(3 1* 4» P- 37)* Aside from the direct effect on seeds, an acid reaction may 
favor the growth of injurious micro-organisms. Accordingly, two series 
of tests were made, using a neutral and an acid soil with varying amounts 
of limestone (CaCOg). The results of the first test are given in Table XII. 

Table XII . — Effect of green clover and calcium carbonate on the germination of 

cottonseed 


No. 

Treatment. 

Germination. 

1 week. 

.. 

2 weeks. 

3 weeks. 

Relative. 



Per cent. 

Per cent. 

Per cent. 

Per cent. 

I 

None 

8s 

85 

85 

100 

2 

I per cent of clover 

55 

55 

55 

64 

3 

I per cent of clover, 0 . i per cent of calcium 






carbonate 

35 



40 

4 

I per cent of clover, 0.2 per cent of calcium 




carbonate 

le 



17 

5 

I per cent of clover, 0.5 per cent of calcium 






carbonate 

15 



17 

6 

I per cent of clover, i.o per cent of calcium 





carbonate 

10 



IX 







The data show clearly that limestone in concentrations of from o.i to i 
per cent seriously injured the germination of cotton. The seedlings from 
limed soils died during the first or second week. A second test, similar 
to the above, was carried out, using acid soil. Here again calcium car- 
bonate seemed to stimulate the injurious factor. 

EFFECT OF HEAT 

The results of previous tests indicate very strongly the biological 
nature of the factor injurious to germination. For example, reduced 
germination is largely associated with the first stages of decomposition. 
Second, the data seem to exclude the possibility of harmful gaseous 
products. It is conceivable that in the early stages of decomposition 
green tissue is favorable to the growth of certain organisms injurious to 
germination. Accordingly, a series of experiments were made in which 
the amount and form of green manure applied, the seed, and the biological 
factors were modified. From 1.5 to 3 per cent of green manure was 
added. To remove the biological factor, the jars and contents were 
sterilized in the autoclave at 15 pounds^ pressure for two hours. The 
results of this study were recorded by photographs. Reading from left 
to right (PI. TXXXIV, fig. 6), the jars were treated as follows: A, none, 
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unsterilized; By 1.5 per cent of green manure, sterilized; C, 1.5 percent of 
green manure, unsterilized; £), 3 per cent of green manure, sterilized; 
Ey 3 per cent of green manure, unsterilized. The soil shown in the pots 
in Plate LXXXIII, figure 5, was treated with green oats, in Plate 
LXXXIV, figure 6, with green clover. Since the corn and wheat did 
not show any injury, these illustrations were not reproduced. The data 
from cotton, clover, and flax are presented in Plate LXXXIV, figures i, 
2, 3, 4, and 5. A glance at the seedlings in the sterilized soil shows con- 
clusively that heat removes or renders inactive the harmful factor. The 
percentage germination of all crops in the sterilized green-manure soil 
was equal to that of the untreated controls. Apparently, sterilization 
has in some way prevented any injury from green-manuring. This is 
true with 1.5 or 3 per cent of green manure. When repeated, the same 
results were obtained. These data are given in Table XIII. All of the 
results point to an injurious agent of biological nature. 


TablU XIII . — Effect of heat on the germination of cottonseed 


Letter. 

1 

Treatment 


Germination 


Relative. 

I week 

2 weeks 

3 weeks 



Per cent. 

Per cent. 

Pet cent. 

Per cent. 

A 

None 

95 

100 

100 

100 

B 

Sterilized 

85 

8s 

8s 

85 

c 

I per cent of clover 


10 * 

10 

10 

D 

I per cent of clover sterilized. 

80 

80 

80 ! 

80 

E 

I per cent of oats 

35 

35 

35 ' 

35 

F 

I per cent of oats sterilized. . . 

85 

90 

90 

90 


SOURCE OF INJURIOUS AGENT 

When portions of diseased seedlings are used to inoculate sterilized 
green-manured soil, the germination of oil seeds is greatly reduced. 
Numerous tests show that the harmful agent is readily transferred. 
From the data it must be concluded that the injury to seed germination 
is biological, probably due to bacteria or fungi. To study the nature 
of the agent, a series of tests was made with different micro-organisms. 

EFFECT OF BACTERIA 

In this series of tests bacteria from seed, from green manure, and from 
soil were studied. From the nature of the seed coat of cotton it is no 
doubt very rich in a number of bacteria. According to plate counts, 
the number of micro-organisms on cottonseed is over 122,000 per gram, 
or an average of nearly 11,000 organisms to one seed. A comparison 
of the germination of cottonseed free of bacteria and with bacteria, in 
unsterilized green-manured soil, did not disclose any difference in germina- 
tion. The bacteria were removed (2) by exposing the seed to the action 
of hot mercuric chlorid (HgClj) or concentrated sulphuric acid (H2SO4). 
The use of sulphuric acid offers an easy and satisfactory method of 
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removing micro-organisms from cottonseed. The seeds were placed in 
a large glass-stoppered bottle containing concentrated sulphuric acid 
and glass beads. After shaking for two minutes, the seeds were removed 
with a platinum loop and washed in boiled water. From the data 
it seems that infection is from some source other than the seed. 

It has been shown repeatedly that the addition of green manure to 
soil is followed by an enormous increase in the number of bacteria. 
Aside from the increase in bacterial food, the green manure carries 
with it a great number of bacteria (6, 8, 21). Tests with bacteria-free 
green manures failed to eliminate the injury. 

About 16 pure cultures of bacteria were isolated from diseased seeds 
and green-manured soil. In order to test the effect of these various 
micro-organisms on germination, sterilized green-manured soil was 
inoculated with the various species of bacteria and seeded. The tests 
were carried out in triplicate, using bacteria-free seed of cotton, peanut, 
and soybeans. Here, again, bacteria failed to show any effect on the 
germination of oil seeds. In addition to the pure cultures used in the 
above experiment, a study was made with four laboratory stock cul- 
tures, Bacillus fluorescens liquefaciens, B. subtUiSy B. mesentericus vulgatusy 
and Strepiothrix bucallis. Heavy inoculations of these organisms did 
not injure the germination of cottonseed or soybeans. This agrees with 
the results of earlier workers (12, 13, 15, 18) — that is, bacteria grown 
on rich nitrogenous media do not injure seed germination. An exception 
to this is noted with cracked or injured seeds. 

EFFECT OF FUNGI 

From a study of tests carried out with various combinations of ster- 
ilized soil, green manure, and seeds free of micro-organisms, it was found 
that the harmful factor occurs chiefly in soil. The data in Table XIV 
show very conclusively the position of injury. 


Table XIV. — Effect of fungi on the germination of cottonseed 


No. 

Treatment. 

j Germination. 

I week. 

3 weeks. 

3 weeks. 

Relative. 

1 

2 

3 

4 

Sterilized soil, i per cent of sterilized clover. 
Sterilized soil, i per cent of unsterilized 

clover 

Unsterilized soil, i per cent of sterilized 
clover 

Per cent. 
20 

15 

Per cent. 

70 

45 

Per cent. 

70 

45 

Per cent. 

100 

64 

Unsterilized soil, i per cent of unsterilized 
clover 











It seems that the harmful agent is found both in soil and in plant 
tissue, although it is much more prevalent in soil. The results of later 
tests confirm this statement. 
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According to many investigators, fungi may injure seed germination 
(ii P* 30-39; 7» 12, 15). For example, Muth (15) found Aspergillus niger 
harmful to the germination of various seeds, while Atkinson (i, p. 30-39) 
and Bolley (5, p. 25-27) report a destruction of cotton and flax seed- 
lings by species of Rhizoctonia and Fusarium. 

Since it is established that certain soil fungi are injurious to very 
young seedlings, the question arises as to the occurrence and growth of 
parasitic fungi in green-manured soil. An experimental study of the 
occurrence of fungi in green-manured soil was made. Microscopical 
examinations of the diseased seeds showed the presence of many fungi 
on the primary root tip. Although no systematic study was made, 
some of the forms showed certain characteristics of the genus Rhizoc- 
tonia and others of the genus Fusarium. From portions of the diseased 
tissue plates were poured. In this way several species of fungi were 
isolated. These are described under laboratory numbers. All attempts 
to secure a pure culture of any species of Rhizoctonia failed. The vari- 
ous fungi were used to inoculate large tubes and jars of sterilized green- 
manured soil. The inoculated soil was planted to bacteria-free cotton- 
seed and soybeans. In the soil cultures no injury to germination was 
noted, except with culture i. Here from 75 to 100 per cent of the seed- 
lings were killed. Repeated tests with this unknown culture gave simi- 
lar results. No injury to com and wheat was noted from inoculations of 
culture I , while soybeans and cotton were quickly destroyed. 

Since the diseased root tips showed the presence of a Rhizoctonia-like 
fungus, it was arranged to study the effect of certain species of Rhizoc- 
tonia isolated from other sources. Two strains were employed — one 
isolated from potatoes, the other from alfalfa. The potato culture was 
secured from the Department of Plant Pathology of the Wisconsin 
Experiment Station; the alfalfa culture was supplied by Mr. Fred Jones, 
of the University of Wisconsin. Table XV gives the results of this test. 


TablU XV . — Effect of Rhizoctonia spp. on the germination of cottonseed 


No. 

Treatment and incxruium. 

Germination 

Relative. 

X week. 

2 weeks. 

3 weeks. 



Pet cent. 

Percent. 

Percent. 

Percent. 

I 

None, sterilized. Uninoculated 

75 

80 

\ 80 

100 

2 

I per cent clover sterilized. Uninocu- 






lated 

80 

8s 

8s 

105 

3 

None, sterilized. Inoculated with Rkizoc- 






tonia sp. from alfalfa 

60 

70 

70 

86 

4 

I per cent clover sterilized. Inoculated 






wifti cr» fmtn nliAlffl. . . . 





S 

None, sterilized. Inoculated with Rhizoc- 






tonia sp. from potato 

80 

80 

80 

100 

6 

I per cent clover sterilized. Inoculated 






with Rhizoctonia sp. from potato 

8s 

8S 

8S 

105 
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Rhizoctonia sp. isolated from alfalfa proved fatal to cotton seedlings. 
Two weeks after inoculation all of the young plants were dead. On the 
contrary, a species of Rhizoctonia from potato produced no noticeable 
injury to cotton seedlings. This difference in the action of the two 
strains of Rhizoctonia is very evident from Plate LXXXIII, figure 6, and 
the data in Table XV. A species of Rhizoctonia from alfalfa produced 
nearly the same effect on soybeans as on cjotton, w^hile the germination 
of cfom was not affected. 

A study of the optimum conditions for the growth of culture i and 
Rhizoctonia sp. from alfalfa showed that about 25® to 30® C. is the most 
favorable temperature for both of these fungi. The results of a previous 
study indicate that about 25® C. is the optimum temperature for the 
growth of the harmful factor. From the data as a whole, it seems very 
conclusive that the fungus of culture i and probably other fungi are the 
causative agents in the destruction of germinating seeds. 

DESCRIPTION OF THE INJURY 

Examination of the diseased seeds shows that the injurious factor 
probably does not attack seeds until after germination. Apparently the 
fungus attacks the primary root soon after germination. This occurs 
when the primary root is from ^ to i cm. long. The hyphae pierce the 
walls of the host, entirely envelop the root, and often penetrate deep 
within the tissue. In the affected region the tissue loses its form, turns 
brown in color, and soon rots. Under the microscope these diseased 
seedling roots are surrounded by a dense mantle of hyphae, which are 
often brown-colored. 

RELATION OF GREEN MANURE TO INJURY OF OIL SEEDS 

Although the evidence at hand does not warrant a definite conclusion, 
the author suggests the following as a possible explanation for the injury: 
The green tissue furnishes an excellent medium for the development of 
fungi. This is especially true in the first stages of decomposition. After 
one or two weeks in the soil the green manure undergoes certain changes 
which render it unsuited to the growth of the injurious fungi. 

Just why oily seeds should be so sensitive to fungi is not known. It is 
possible that the oil partly changes to fatty acids in the process of germi- 
nation (9, 10). According to Schmidt (19, p. 300-303), oil and fatty 
acids favor the growth of certain fungi. The fungus may produce a 
fat-splitting enzym — ^for example, lipase. This offers a possible expla- 
nation for the selective action of the injurious fungi for oil seeds. 
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SUMMARY 

(1) Green manures may seriously injure the germination of certain 
seeds. 

(2) This injury is brought about by the action of certain parasitic 
fungi. 

(3) In the first stages of decomposition of green clover, numerous 
fungi develop. Some of these fungi are very destructive to seedlings. 

(4) Oil seeds as a class are very easily damaged by fungi. Starchy 
seeds, on the contrary, are very resistant. 

(5) Cotton seed and soybeans are examples of seeds extremely sensitive 
to green manuring. The germination of flax, peanuts, hemp, mustard, 
and clover is reduced in the presence of decomposing plant tissue, but 
not to as great a degree as that of cottonseed or soybeans. The germina- 
tion of buckwheat, corn, oats, and wheat is not affected by green manures. 

(6) The damage to oil seeds from green manures is confined largely to 
the first stages of decomposition. Experimental evidence shows that 
two weeks after green manure is added it does not cause any serious 
injury to the germination of oil seeds. 

(7) Small applications of calcium carbonate seemed to increase the 
injury to germination. 

(8) The rate of germination determines to a certain extent the degree 
of injury. Slow germination is marked by a high percentage of diseased 
seedlings. 
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PLATE LXXXIII 

Cotton seedlings, showing the effect of green manures on their growth : 

Fig. I. — A, B, Control; C, D, i per cent of chopped green oats added to the soil; 
Ef Ft I per cent of chopped green clover added to the soil. 

Fig. 2. — Effect of planting immediately after plowing under green manure: A, B, 
Control; C, D, 0.25 per cent of green manure added to the soil; E, F, 0.5 per cent of 
green manure added to the soil; G, H, i per cent of green mantire added to the soil; 
/, 7, 2 per cent of green manure added to the soil. 

Fig. 3. — Effect of planting 2 weeks after plowing imder green manure. A, B, 
Ccmtrol; C,D, 0.2 5 per cent of green manure added to the soil; E,F, 0.5 per cent of green 
manure added to the soil; G, BT, i per cent of green manure added to the soil; /, J, 2 
per cent of green manure added to the soil. 

Fig. 4. — Effect of the depth of green manure on germination: A, Green manure 
placed in the bottom of the pot; B, green manure placed at the top of the pot; C\ 
green manure placed in about the middle of the pot. 

Fig. 5. — Effect of sterilized and unsterilized oats used as a green manure : A , Con- 
trol; B, 1.5 per cent of oats added and the mixture sterilized; C, 1.5 per cent of oats 
added without sterilization; E, 3 per cent of oats added and the mixture sterilized; 
Ef 3 per cent of oats added without sterilization. 

Fig. 6. — Effect of Rhiioctonia sp. on germination in the presence of green manure: 
A, B, Control; C, E, sterilized soil treated with green manure; E, F, sterilized soil 
inoculated with Rhizoctonia sp. from potatoes; G, //, sterilized soil treated with 
green manure and inoculated with Rhizoctonia sp. from alfalfa. 



Relation of Green Manun-s to f ailure ut Seodliriijs 


Plate LXXXIII 











PLATE LXXXIV 


Clover, flax, and cotton seedlings, lowing the relation of green manures to germina- 
tion in sterilized and unsterilized soil: 

Fig. I. -Clover: A, control; B, 1.5 per cent of chopped green oats ad(£td and the 
mixture sterilized; C, 1.5 per cent of chopped green oats adde^^^and the mixture not 
sterilized; D, 3 per cent of chopped oats added and the mbcttlbe sterilized; E, 3 per 
cent of chopped oats added and the mixture not sterilized. 

Fig. 2. — Clover: A, control; B, 1.5 per cent of chopped clover added to the soil 
and the mixture sterilized; C, 1.5 per cent of chopped clover added to the soil and the 
mixture not sterilized; £), 3 per cent of chopped clover added to the soil and the 
mixture sterilized; B, 3 per cent of chopped clover added to the soil and the mixture 
not sterilized. 

Fig. 3. — Flax: A, control; B, 1.5 per cent of chopped oats added to the soil and the 
mixture sterilized; C, 1.5 per cent of chopped oats added to the soil and the mixture 
not sterilized; D, 3 per cent of chopped oats added to the soil and the mixture steri- 
lized; B, 3 per cent of chopped oats added and the mixture not sterilized. 

Fig. 4. — Flax; A , control; B, 1.5 per cent of chopped clover added and the mixttire 
sterilized; C, 1.5 per cent of chopped clover added to the soil and the mixture not 
sterilized; D, 3 per cent of chopped clover added to the soil and the mixture sterilized; 
B, 3 per cent of chopped clover added to the soil and tlie mixture not sterilized. 

Fig. 5. — Cotton: A, control; B, soil sterilized; C, i per cent of chopped clover 
added to the soil and the mixture not sterilized; Z>, i per cent of chopped oats added 
to the soil and the mixture not sterilized; B, i per cent of chopped clover added to 
the soil and the mixture sterilized; F, i per cent of chopped oats added to the soil 
and the mixture sterilized. 

Fig. 6. — Cotton: A, control; B, 1.5 per cent of chopped clover added to the soil 
and the mixture sterilized; C, i .5 per cent of chopped clover added to tlie soil and the 
mixture not sterilized ; D, 3 per cent of chopped clover added to the soil and the 
mixture sterilized; B, 3 per cent of chopped clover added to tlie soil and the mixture 
not sterilized. 




A NEW SPRAY NOZZLE 


By C. W. Woodworth, 

Entomologist t Agricultural Experiment Station of the U niversity of California 
INTRODUCTION 

A new principle has been discovered in nozzle construction whereby a 
flat spray can be produced with a uniform distribution of the water com- 
parable to that of the hollow cone of spray from a cyclone nozzle. 
Hitherto all flat sprays have been of lenticular section, breaking up into 
fine mist on the sides and into relatively coarse drops in the center. It 
was observed that the flat spray produced by two impinging streams 
was at right angles to the original plane of motion of the two streams, 
but when the streams failed to meet squarely the plane was shifted and 
could, in fact, be moved through an arc of i8o® with a very great change 
in the distribution of the water currents. It requires only a slight 
angular deviation to decrease very perceptibly the coarseness of the 
central drops, producing greater uniformity, and a position can be 
reached in which the coarsest drops are on the edge, those in the center 
therefore being the finest. 

The principle finally discovered was that when two streams meet 
across half their section the resulting sheet of spray will be of practically 
uniform thickness throughout, occupying a plane 45® from the plane of 
the streams and finally breaking up into drops of great fineness and 
uniformity. 

PRODUCTION OF SPRAY 

There are two causes that may act in the production of spray par- 
ticles: (i) Friction, which may cause an eddy along the edge of the 
stream sufficient to break the surface tension and allow the small eddying 
masses to fly off from the column of water; and (2) divergence of the 
direction of motion of the particles, resulting in the thinning out of the 
water mass in the form of irregular sheets until the surface film finally 
gives way and the sheet of water is suddenly converted into drops. 

Both methods may be seen in the breaking up of the stream from a 
simple nozzle where, from the sides of the solid column of w^ater, very 
minute particles of mist are given off, while the velocity and friction are 
great. With decreasing velocity farther on the eddies become larger, 
the mist gradually becomes coarser, and, finally, as the spread of the 
stream makes it break up into irregular sheets of water, the size of the 
drops produced by the second process results in an intermingling of 
drops of all sizes. At first the drops are very accurately graduated. 
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those of the same size being produced at the same distance from the 
nozzle, but when the second process replaces friction as a cause of spray 
production, irregularity results, owing to the irregular shapes of the 
water sheets. 

In a cyclone nozzle the stream at once diverges widely in the form of 
a hollow cone. Friction plays no part in the production of the spray, 
but the cone increases so rapidly in diameter that the liquid soon becomes 
a very thin sheet of unvarying thinness all the way around, and breaks 
into a uniformly fine mist. The uniformity may be assumed from the 
fact that on all sides the sheet extends an equal distance from the orifice 
before breaking into a spray, and experimentally can be shown to exhibit 
to an equally high degree both fineness and uniformity. 

Figure i expresses in a diagrammatic form the facts shown by the 
photographs. The circles show the actual positions of the orifices in 



A B C 

Fig. X. — Diagram showing the characteristic difTerences between the three forms of impinging-stream 

nozzles. 


each case and the black transverse marks give the effect of the impinging 
streams; the water remains thickest in the middle in C, thickest at the 
edges in A, while in B it is spread out evenly. 

Above, the black portion indicates the water sheet, the sizes of the 
spots along the margin indicate the sizes of drops produced at these 
points, and the approximate velocity of the drops is shown by the length 
of the lines radiating from these spots. 

SPRAYS PRODUCED BY IMPINGING STREAMS 

The actual movement of the wrater in forming a spray through the 
impact of two streams is shown in Plate LXXXV and Plate EXXXVI, 
figure I. It was not found practicable to secure the successive pictures 
with sufficient rapidity to show more than two steps in the forming spray, 
but by interpolating, a fairly satisfactory series was obtained. The 
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right-hand nozzle is of the common type where the streams impinge 
squarely. The middle nozzle is of the new type, but not strictly com- 
parable with the former, since the streams come together at a broader 
angle, making a wider spray. Indeed, when the spray is under full 
pressure (PI. LXXXVI, fig. i) the spread is too wide, producing a 
lateral dribble and marginal fringe of spray. The left-hand spray is 
intermediate in angle and spread and gives the fish-tail effect. 

The contrast is shown from the first illustration, the fish tail having 
thick marginal zones and the other two thick central zones, much shorter 
in the middle nozzle. In Plate LXXXVI, figure i, where the spray 
sheets assume their normal proportions under high pressure, the large 
size of the white patch in the middle corresponds to the better final dis- 
tribution of the spray particles. The irregularity of the spot shown on 
the left of this white patch is due to an irregularity in the orifice on the 
opposite side. 

In Plate LXXXVI, figure 2, which shows the result of a sudden de- 
crease of pressure, the character of the water sheets becomes especially 
evident, since they are increased greatly in size and the production of 
spray almost ceases. 

ADVANTAGE OF A FLAT SPRAY 

The cyclone nozzle leaves nothing to be desired in the way of fineness 
and uniformity of spray, but it has the disadvantage of making a ring 
of spray w'hich surrounds instead of touching the object towards which 
the nozzle is directed. It is very difficult for one handling the nozzle 
to keep in mind the fact that the spray is strictly limited to the visible 
parts of the cone. A flat spray, on the other hand, reaches the point 
aimed at and is more available for treating branches of trees, for exam- 
ple, where the desire is to concentrate the spray on a line. For general 
spraying also the use of a flat spray, like the use of a flat brush for paint- 
ing, gives uniform results more quickly and easily. For these reasons, 
while no other nozzle on the market produces a flat spray comparable in 
quality to the spray produced by the various types of cyclone nozzles, 
they are, nevertheless, more extensively used than the cyclone nozzles. 

ADVANTAGE OF UNIFORMITY AND FINENESv^ 

The use of nozzles of the flat type is generally acknowledged to be 
for the purpose of securing the flat shape of spray fan and is not a rejec- 
tion of the principle that a uniformly fine spray is the most desirable. 
In fact, the use of these nozzles is generally associated with the use of 
high pressures, whereby the defects of a poor grade of nozzle are less 
apparent. The particular advantage of fineness is that it makes possible 
the even distribution of the spray material. 

Fineness involves evenness. In a nozzle giving coarse drops, part of 
the material is in a finely divided state, and the improvement in a spray 
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nozzle comes through decreasing the size of all but the smallest particles 
and thus increasing the proportion of minute particles until, as in the 
cyclone nozzle, practically all of the material is in the most finely divided 
state and is therefore also uniform. This improvement can be produced 
by increasing the pressure or decreasing the size of the stream. Under 
the same pressure a nozzle with a large orifice gives coarser drops than 
a similar nozzle with a small orifice. Therefore, where a larger volume 
of spray is desired, it has been the practice to duplicate the nozzles 
rather than enlarge them, giving clusters of nozzles; but where high 
pressure is available, large nozzles, particularly those of the better type, 
may be used. With extreme pressures, such as were employed in the 
gipsy-moth work and in the walnut spraying in California, a nozzle of 
the poorest quality and rather large size has proved to be practical. 
In nearly all cases the desirability of fine and uniform sprays, in order to 
secure evenness of distribution, has been recognized. It is possible, 
however, that under some circumstances a driving spray may be de- 
sirable, and this can be secured only by the use of less efficient nozzles. 

VARIATION IN FINENESS 

The sizes of the smallest drops in a spray are not necessarily the same, 
particularly when made by the breaking up of a sheet of water. By a 
change in the proportions of the eddy chamber in a cyclone nozzle or 
by a change in spraying pressure the diameter of the cone at the point 
of breaking can be changed, and the drops will remain uniform, but will 
be of a different size than before. In the new type of nozzle here 
described the angle of impact and the spraying pressure exert similar 
effects, and a series of nozzles can be produced covering much the same 
range obtainable in a cyclone nozzle and distinguishable by the width 
and length of the fan. ^ 

Only relatively small drops in the spray in either case are obtained, 
and these show great uniformity, the variation in size being inside of 
rather narrow limits. 

The new type of nozzle is the form in which the spray is in a plane 
inclined at the angle of 45° from the plane of the impinging streams, 
but between that and the usual style, having the spray in a plane 90® 
from that of the streams, there is the possibility of any number of inter- 
mediate forms that present any desired degree of uniformity in the size 
of the drops. Should a compromise nozzle giving a driving spray with 
greater unifonnity than in the existing nozzles be desired, it can readily 
be constructed. The same could be secured by a disproportion between 
the sizes of the two streams, and in this case the coarser portion would 
be at one edge instead of at the center of the fan. This form might be 
desirable for some spot-spraying for scale insects, and it might be desirable 
to have a means of controlling the size of one of the streams. 
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- WHERE THE NEW NOZZLES ARE IMPRACTICAL 

Because the spray must first be separated into two streams in this 
type of nozzle it becomes particularly liable to clogging and should not 
be used for any spraying where there is any such tendency — e. g., with 
Bordeaux mixture. 

Most of the spray materials now used, however, are clear solutions 
and give no trouble in the nozzle. 

LONG- AND SHORT-DISTANCE NOZZLES 

When the angle is widest between the impinging streams, the angle 
of the fan is likewise widest, the drops finest, and the carrying distance 
of tlie spray the shortest. 

An acute angle between the impinging streams produces a very nar- 
row spray which carries a longer distance, but may perhaps finally reach 
nearly as great a width as that of the rapidly spreading short-distance 
spray. 

Some prefer a long-distance nozzle and use it close to an object, as 
where spot spraying on a tree trunk is desired. The new type of nozzle 
lends itself very readily to adjustment to any degree of distance, from 
the shortest to nearly the longest found in spray nozzles. 

ADJUSTMENT 

Any form of two-stream nozzle, like that known as the calla, or 
lily, nozzles, can be quickly converted into a nozzle of the new type by 
the use of a reamer, slightly enlarging the two apertures on opposite 
sides by w^orking the instrument obliquely to the surface of the nozzle 
and trying it from time to time until the spray sheet stands at 45°. 

The same process will enable one to adjust a nozzle at any time should 
it wear irregularly enough to change the angle of the spray fan. The 
shape of the fan is a good index of the correct adjustment. If the angle 
is just right, the fan is triangular; if less than 45°, it is shortest in the 
center and the spray is coarser at the ends. If the angle is more than 
45®, the fan is longest in the center and the spray coarsest at this point. 

With care the reamer can be so used as to effect the change in the 
stream without enlarging the hole at the surface, and, therefore, not 
changing the volume of discharge. It may be possible to change the 
angle of the spread of the fan by reaming out beneath on the side adja- 
cent to or opposite the other hole. One should continually try a nozzle 
while adjusting it, so as not to carry the work too far. 

SUMMARY 

(1) A new principle employed in nozzle construction will produce a 
flat spray with the qualities of a cyclone nozzle. 

(2) A uniform sheet of water breaking along its edge produces drops 
of uniform size. 
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(3) A flat spray is more easily directed and produces a more uniform 
distribution than the cone of spray from a cyclone nozzle. 

(4) Uniformly fine drops of spray aid in securing uniformity of dis- 
tribution. 

(5) The new nozzle allows some variation in size of spray. 

(6) It also may be made into a long- or short-distance nozzle. 

(7) It can be easily constructed by modifying existing nozzles and 
may be adjusted if it becomes worn. 




PLATE LXXXV 

Hie beginning of the spray from three kinds of nozzles, as photographed with 
a moving-pieture camera. 
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PLATE LXXXVI 


Fig. I. — ^The appearance of spray from three kinds of nozzles as full pressure is 
applied (a continuation of Plate LXXXV) . 

Fig. 2. — Two stages at the end of the spray as the pressure is reduced. 




A NEW interpretation OF THE REEATIONSHIPS OF 
TEMPERATURE AND HUMIDITY TO INSECT DEVEL- 
OPMENT 

By W. Dwight Pierce, 

Entomological Assistant, Southern Field Crop Insect Investigations ^ Bureau of 

Entomology 

INTRODUCTION 

Upon the proper interpretation of the laws of climatic control of life 
rests the solution of many practical problems, and inasmuch as all 
plant and animal life reacts to climate in the same general manner it is 
apparent that the study of the climatic control of insect development 
may throw light upon the problems of all other forms of life. It has 
been apparent to some workers in the field of ecology that our so-called 
laws of effective temperature were deficient in many respects. A large 
number of phenomena were not properly explained by any known theory. 
It is with the hope that the present interpretation may come closer to 
the truth that this paper has been prepared. 

Biologists for years were laboring with the theory of a fixed zero of 
effective temperature for all life, and only recently was it accepted that 
each species might have a different zero. It has been the custom to 
determine the thermal constant for any given activity by multiplying 
the number of effective degrees accumulated above the effective zero in 
daily units of mean temperature by the time in which the given phe- 
nomenon took place. The noneffective low temperatures were elimi- 
nated, but npt the time in wdiich they were experienced. Inasmuch as 
most workers w^ere located in north-temperate climates, where high 
noneffective temperatures seldom occur, it had not occurred to them 
that some high temperatures might not be effective and that there was 
another boundary to the effective zone besides the zero. These high 
temperatures and the time in wrhich they are experienced must be elim- 
inated. In addition to all of these errors in method, there has been no 
correlation of the humidity factor until very recently, although now 
many workers are trying to solve the part played by this factor. 

The principal data upon which the writer has based his studies in- 
clude records of thousands of individual boll weevils (Anihonomus grandis 
Boh. and A, g. thurheriae Pierce), made by the members of the boll- weevil 
force under the direction of Mr. W. D. Hunter and the writer at various 
localities in Texas, Louisiana, and Arizona throughout the period of 
years from 1902 to 1915. At each place where biological notes were 
made a thermograph-hygrograph record was kept, and this record was 
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checked twice daily by maximum and minimum thermometer and sling- 
psychrometer readings. The means of temperature and humidity are 
based upon these records. In addition to the natural records, a series of 
artificial-cold experiments were conducted at various times, and the 
writer recently conducted an extensive series of artificial-heat experiments 
with definite humidity control in l&der to determine the effects of heat. 

EXPERIAfBNTAL METHODS 

Before venturing to present this new interpretation the writer has 
thoroughly discussed it with many prominent workers, and it is now 
proposed for more extensive criticism and elaboration. 

To express the relationship of the two factors, temperature and 
humidity, to insect metabolism, development, and activity, a tempera- 
ture scale may be marked off on the vertical line of a sheet of plotting 
paper and a humidity scale from left to right on the horizontal line. 

\ There are, for any given insect, definite boundaries of atmospheric tempera- 
V I ture and humidity within which the life of the species revolves. There is a 
temperature below which, even for the shortest time, life is impossible — 
the absolute minimum fatal temperature. There is also a temperature 
above which, even for a moment, life is impossible — the absolute maxi- 
mum fatal temperature. Absolute dryness is more or less prohibitive 
of life and so is absolute humidity, or saturation, although some insects 
may be adapted better to withstand extremes of humidity than others. 
It is quite possible that the boundaries of humidity may be o and lOO 
per cent, or infinitesimally close thereto. 

The diagrammatic figure sought, however, has four definite absolute 
boundaries — the maximum and minimum temperatures and humidities. 

Within the limits which we have thus defined there exist conditions 
under which all the activities of the species reach their maximum effi- 
ciency. It has been conceived by most writers that this maximum 
efficiency was reached at a definite point known as the optimum. It 
seems more likely that it will prove to be a zone of humidities and 
temperatures of more or less restricted area. A careful study of the records 
of any species, charting for the time required for each activity and the 
temperature and then similarly for humidity, will disclose temperature 
and humidity points of maximum efficiency. With the boll weevil 
these points lie approximately near 83® F. and 65 per cent of relative 
humidity. 

ZONES OF CLIMATIC RELATIONS 

At any ordinary humidity, starting with the absolute minimum fatal 
temperature, as the temperature increases a longer and longer time of 
exposure is required to kill, until a point is reached at which life con- 
tinues indefinitely. This zone of temperatures has been called the 
zone of fatal temperatures. 
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As the temperature continues to rise it passes through a zone of 
ineffective temperatures, known commonly as the zone of hibernation, 
which the writer will shortly prove to be an inappropriate term. At the 
lowest temperatures in this zone complete dormancy without metab- 
olism is found; but as the temperature increases a gradual approach to 
sensibility is noted, first metabolism, next movement, and then the 
necessity of feeding. The point at which metabolism or growth begins 
at a given humidity is the zero of effective temp)erature. 

As the temperature increases above this zero the activity is at first 
very sluggish, but becomes more and more active until the so-called 
optimum is reached, and from this point upward the temperatures cause 
less and less activity, inducing stupor and finally sleep or coma. 

At the point of coma begins the zone of ineffective temperatures 
formerly known as estivation. With the increase of temperature sleep 
becomes more and more sound until a point is reached at which death 
occurs after long exposure. At this point begins the zone of high fatal 
temperatures at which death occurs at shorter and shorter periods until 
it is instantaneous at the absolute maximum fatal temperature. This 
completes the vertical cross section of the figure desired. A statement s 
regarding these vertical zones was first published by the Bureau of 
Entomology in 1912.^ 

In the past, however, the fact that a similar horizontal cross section 
at any temperature can be made, starting at absolute dryness and reading 
toward absolute humidity, has not been recognized. In this manner are 
shown zones of fatal dryness, dryness causing stupor, increasingly effective 
humidity, the most effective humidity, decreasingly effective humidity, 
excessive humidity causing drowsiness, and finally fatal humidity, at 
least under certain conditions of exposure. 

In the case of the boll weevil the resulting figure is a series of con- 
centric ellipses centered about the optimum and with diagonal axes. 
On the accompanying diagram the main details of the relations of tem- 
perature and humidity to the boll weevil are brought out. Only a few 
of the more salient records are included. The development in buds 
(cotton squares) is based upon hundreds of individual records, but is not 
reported in detail. The outer lines are much less definitely located 
than the inner ones, but w^hatever their actual location the picture 
would be substantially the same. 

EFFECTIVE TEMPERATURE 

Workers who have used the zero of effective temperature in their 
studies will note that, according to the present theory, the zero when 
charted is an elliptical curve representing a different point at each degree 

‘ Htmter, W. D., and Pierce, W. D. Mexican cotton-boll weevil. 6 ad Con£.. ad Sess., Sen. Doc. 305 
(U. S. Dept. Ast. But. Ent. Bui. 114). P- xas-*a8- * 9 xa- 
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1^0. X. — Grapli showing the relations of temperature and humidity to cotton boll-weevil activity 

















of humidity. Because of the difficulty of computing this zero, the writer 
has been requested to 

describe his method ^ O^T£/?Af/A/E‘ 

of computing effective 
tempcratur^. ,S'- 

The first step is to 
tabulate all records of 
a given mean percent- 
age of humidity on a 
single sheet. The zone 
of effective tempera- 
tures must be worked 
out separately at each 
degree of humidity. 

Only by a laborious ^ 
series of testings can ^ 
the first zero be ap- 
proximated, unless the Q 
worker finds it by a 
fortunate chance. ^ 

The total effective ^ 

temperature is the cri- § 
terion by which we ^ 

finally know when we 
have rightly defined io 
the limits of the zero. ^ 

This is known as the S 
thermal constant and ^ 
is the multiple of the x 
mean of the effective ^ 
temperatures (be- 
tween the zero and Ig 

the absolute), figured Q 

in day units, by the ^ 
time in which these 
effective temperatures 
were experienced. 

Noneffective temper- 
atures, whether high 
or low, and the time 
in which they were 
experienced must be 

eliminated. The Fio. a.— Graph showing the method of determining the zone of 

zone of effective tem- ““t- 

peratures will be finally reached for any given humidity when the 







Bn 


■ 


Fio. a.— Graph showing the method of determining the zone of 
effective temperatures at a humidity of 56 per cent. 
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difference in the total effective temperatures is reduced to a minimum. 
At the start some arbitrary zero must be chosen and the effective tem- 
peratures computed above this. Then it is necessary to remove degree 
by degree at the top or bottom and note each time whether the differ- 
ence in the total effective temperatures becomes larger or smaller. This 
process may be charted so that the general tendency can be seen. The 
figures found in the writer’s attempt to establish the zone of effective 
temperatures for the boll weevil at 56 per cent humidity will illustrate 
the manner in which the points desired were ascertained. These results 
are presented in figure 2, and it will be seen that the first tentative zone 
chosen was 51° to 100® F, By much testing it was narrowed to within 
the limits of 75® to 92® F., for which the optimum is practically 83.5°. 

Having obtained the limits of the zone, the records of development 
in cotton squares at a mean humidity of 55.9 per cent to 56.9 per cent, 
made at Victoria, Tex., in 1913, by Mr. B. R. Coad, of the Bureau of 
Entomology, are as shown in Tables I and II. 


Table I . — Records of development of Anihonomus grandis at Victoria, Tex., in IQTJ, 
at a humidity of 55 .^ to ^6 .q per cent 


Experiment. 

Mean hu- 
midity. 

Bate of 
ovipo* 
sition. 

Time of 
maturin£. 

Actual 
period of 
develop- 
ment. 

Number of 
weevils ob- 
served. 

Total 

weevil 

days. 

Actual temperature. 

• Male. 

Female. 

Abso- 

lute 

maxi- 

mum. 

Abso- 

lute 

mini- 

mum. 

Mean. 

1 

Per cent. 
56. X 

56.4 

56.6 
56 9 

55- 9 

56. a 

July 87 
July a6 
July 37 
Jidy a7 
May S3 

Aug. Q 
Aug. 8 
Aug. 10 
Aug. IX 
June 7 

1 

6 

X 

a 

3 

X 

X 

104 

5a 

*4 

15 

16 

aox 

1 


73 - a 
73 . a 
73 a 

73 - a 

54-5 

•F. 
88.a 
8S.a 
88. a 
88. a 
78. a 

a 

3 

4 

5 

X 

Totel. 8 

Mean.... 

7 








Table II. — Records of development of Anihonomus grandis at Victoria, Tex., in Jpij, 
in the zone of effective temperatures , 75® to g2° F, 


Experi- 

ment. 

2 a 

Num- 
ber of 
weevils. 

8a 

Mean 

humid- 

ity. 

4 a 

Humid 

time 

units. 

60 

Period 

exper^ 

enemg 

effective 

temper- 

ature. 

6a 

ToUl 

effective 

weevil 

days. 

7 a 

Mean 

effective 

temper- 

ature. 

8a 

Effective 

thermal 

units. 

9a 

Mean 

daily 

effective 

temper- 

ature. 

units. 

10a 

ToUl 

effective 

temper- 

ature. 

lla 

Humid- 
ity plus 
effective 
temper- 
ature. 



Per ct. 


Days. 


•F. 



•F. 

•F. 

X 

8 

56. X 

448.8 

8. 19 

65.5* 

83. 8 

670.4 

8.8 

73. 0 

X39.9 

a 


56.4 

335.6 

8. 18 

3a. 7a 

83.8 


8.8 

71.98 

140. a 

3 

^■1 

56.6 

56.6 

8.86 

8.86 

83.6 


8.6 

76. X 

X4e. a 

4 

^■1 

56* 9 

56.9 

9. S 3 

9. 5 * 

« 3-7 


8.7 

83. 8a 

X40.6 

s 

HH 

55-9 

5 S *9 

9*95 

9.9s 

8a. 6 

HQQ 

7.6 

75*6 

138.5 

Total.... 

15 


843.8 


136 . 57 

S—S 


HHHH 



Average. 

56. a 

8.43 

|||g|n| 

6,7 

73-3 

X39.9 

Differ- 





ence... 









ZO.84 

a. X 






i 

■B 

■HHI 




« Column 4 isproduct of columns a and 3. Column sis computed from the actual records. Column 6 is 
the product of a and 5. Column 8 is the product of a and 7. Column 9 is 7 minus the aero (75*?.). 0>lunui 
10 is the product of columns 5 and 9. c 5 olunm ix is the sum cd columns j and 7. 
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From these tables it will be seen that the effective period of develop- 
ment is from 8 to 10 days, averaging 8.43 days, while the actual develop- 
ment ranged from 13 to 16 days. It is noticeable that in all of the 
records the maximum as well as the minimum temperatures ran outside 
of the zone of effective temperatures. The total effective temperature 
ranged from 72® to 83® F., with 73.3® as the weighted mean and with a 
total difference of only 10.84®, ^ very small difference. 

It is not necessary in this paper to give the further details of the zone of 
effective temperatures at other humidities. The determination of the 
zone for the next percentage of humidity is much less difficult, because it 
must be just a little narrower or a little wider than already determined. 
As the axis is diagonal, the upper and lower bounds will depart at a 
different rate. After several points have been determined, the axis can 
be located and then the figuring becomes very simple. It must be noted 
that every hour of effective temperature has its cumulative effect, even in 
the winter time. 

ZONE OF INACTIVITY 

One of the results of the acceptance of the present interpretation will be 
the necessity of discarding the conception of separate zones of hibernation 
and estivation. Physiologists have demonstrated that the effects of heat 
and cold on metabolism are alike. The writer has frequently noticed in 
field work the impossibility of differentiating between a frozen and a heat- 
killed boll-weevil larva. Prof. 6. G. Becker, of Arkansas Agricultural 
College, several years ago observed that the fall army worm, Laphygma 
frugiperda S. and A., had two periods of activity and two of inactivity 
every day in the hot days in the Ozarks. Activity began in the morr- 
ing and continued until the early part of the afternoon, when the heat 
caused the worms to be inactive for several hours. They then again 
became active during the early hours of the night, but the nights were 
cold and the worms became inactive until morning The phenomena 
of a year were reproduced day by day. Inactivity due to cold in the 
summer time can not properly be called hibernation. 

In Arizona the boll weevil is now native on wild cotton {Tkurberia 
thespesioides). If normally breeds in the bolls in ’:he fall, becoming adult 
by December i , but remains in its cell throughout the cold winter and the 
Ararming spring. In some canyons there is a spring rainy season and T. 
thespesioides has a spring fruiting season. In these localities the moisture 
also releases the weevils from their cells and they begin breeding. A dry 
season follows and the weevils go to sleep. In other canyons the spring is 
not wet and the plants and weevils are inactive until the regular rainy 
season in August, when the long rest is broken. In some canyons the 
weevils therefore have two resting periods during the year, and in other 
canyons they are at rest from fall until summer. It not infrequently 
happens that the August rainy season does not materialize, and under 
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such circumstances the weevils stay in their cells and the plants remain 
dormant until the next year or perhaps for several years. As evidence of 
this^the writer kept several of these weevils over 500 days without food or | 
water, and one lived 626 days, d)dng only when moisture invaded the | 
room where it was kept. 

Hunter, Pratt, and Mitchell^ record the unusual ability of larvae 
of Hermetia chrysopUa Loew, a cactus scavenger fly, to withstand long 
periods of drought. Larvae in various stages of development were kept 
more than 15 months without food and developed readily later 
when food was supjp^i®^- "The very leathery integument seems to pro- 
tect the insect against desiccation, and in other ways the larva has evi- 
dently adapted itself to long periods of waiting for favorable food, 
which, in the arid regions, depends upon the infrequent rains. Both 
of these instances are more properly resting periods due to dryness than 
to cold or heat. 

NOMENCLATURE OF CLIMATIC EFFECTS ON LIFE 

As charted, there are three elliptical zones which express the three 
principal effects of climate on life, viz, activity, inactivity, and death. 
The zone of activity may be known as the “thermopractic** zone (B^pfxds, 
meaning heat, plus 7rpa/cn«6s, meaning effective). The zone of inactivity 
may be known as the zone of “anesthesia (^vaiaBrjala, meaning insensi- 
bility) . The zone of death may be known as the ‘ ‘ olethric ' ' zone (oXkOpm, 
meaning deadly). The region of greatest activity may be known as the 
“practicotatum^* zone (wpaKTiKcaraTov, meaning most effective). 

Many phases of climatic effects have been differentiated, and medical 
literature abounds in words descriptive of these effects. For some 
effects no words are available. The writer has thought it best to present 
a complete and consistent system of nomenclature, based on the Greek, 
using all words already in the language, and only supplying new words 
where none are now available.* 

It may be convenient to refer to the most effective temperature or the 
most effective humidity, in which cases we may use the words “thermo- 
practicotatum'' or “hygropracticotatum.” 

The awakening from sleep is termed “anastasis'' (di^Acrrao-ts). We 
can therefore speak of “thermanastasis" and “hygranastasis,“ depending 
on whether the awakening is caused by a change of temperature or a 
change of humidity. 

Heat, moisture, dryness, or cold added to the * * practicotatum ' * will cause 
sluggishness. We have to indicate this condition the terra “nochelia"' 

^ Hunter. W. D., Pratt, P. C., and Mitchell. J. D. The principal cactus insects of the United States. 

U. S. Dept. Agr. Bur. Ent. Bui. X13, p. 3&-39. 19x3. 

* New Standard Dictionary. 1913. 

Gould. G. M. An Illustrated Dictionary of Medicine. Biology and Allied Sciences . . . ed. 6. with . . • 
Sup . . . 1633. 57X p., Philadelphia. 19x0. 
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(vo>x^\€iaf meaning sluggishness) and can show the type of sluggishness 
by the addition of a prefix, as ‘‘thermonochelia,'* ‘‘ hygronochejja/’ 
^'xeronochelia,'' and "'rhigonochelia." 

At least three of these factors produce under extreme conditions a 
stifling sensation, and we may express this by the terms “thermopnigia,"' 
“xeropnigia,'* and “hygropnigia” (ruiyos, meaning stifling). 

The stifling sensation ends in complete insensibility, or anesthesia, 
and this word may be modified to express the cause, as in the term *‘ther- 
manesthesia,” “ hygranesthesia,” “xeranesthesia,” and “rhiganesthesia.’* 

Death from heat is known as thermoplegia (TrXrjyrj, meaning stroke), 
while from excessive moisture it may be known as “hygroplegia,** and 
from freezing, as “ rhigoplegia.” Death from drying is known as apoxe- 
raenosis^' (aTro^ripalpoOf meaning to dry up). 

The determination of locomotion by heat is called thermotaxis,’ ' and 
movement brought about by heat is called “ thermotropism.” 

Unusual sensibility to heat is called “thermalgesia” and “hyperther- 
malgesia.” The ability to recognize changes of temperature is “ther- 
mesthesia,” and its extreme is designated as “thermohyperesthesia,” 
abnormal sensitiveness to heat “stimuli.” Fondness for heat or requir- 
ing great heat for growth is called “thermophilic,” while resistance to 
heat is called “ thermophylic.” Rapid breathing, owing to high temper- 
ature, is designated as “ thermopolypnea,” contraction under the action 
of heat as “ thermosystaltic,” adapting the bodily temperature to that of 
the environment as “ pecilothermal,” and a morbid dread of heat as 
“ thermophobia.” 

The life after apparent death, called “ anabiosis,” is exemplified in such 
cases as that of the Hermetia larvse mentioned above. 

Pain from the application of cold is called “ cryalgesia,” abnormal 
sensitiveness to cold “ cryesthesia,” and a morbid sensitiveness to cold ' 
“ hypercryalgesia.” 

PRACTICAL APPLICATIONS 

Many practical measures will result from the further study of climatic 
relations to life. A few of these may be indicated. 

One of the most effective measures for the control of the cattle tick is 
pasture rotation based upon the j>ossible duration of life of the seed tick 
without an animal host. As this period varies with the season, it is 
necessary to know the climatic laws under which this species reacts. 

The fall army worm advances across the country and again retreats 
in complete accord with changing temperatures. The proper fixation 
of the zone of effective temperature may make it possible to plan the 
planting of winter crops to avoid damage. 

The cotton boll weevil must have food up to the time that it enters 
hibernation. Early harvesting and destruction of stalks before the low 
temperatures set in offer one of the most satisfactory methods of control. 
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noo-spore-formlng 939 

alhnedofmlng »4o 

Aniropogon^ 

transedratioa of 597-6oa 

esrgMitciM, hent plant dComofMffntMNhfffala 134 
Anpdka dlloas, host piant of Commira urn- 

boOm *34 

Angular Z<eafspot of Cucumbers (paper)... 465-476 
AalQiiA«ff«dfd,ongmwthof 7 Vliie^ 49-43 
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Antennaria plantaginifolia, host plant of Co- 

nuxndra umbellata J34 

Anthonomus grandis^ 

development of zx88-xz89 

relation of— * 

humidity to development of 1X83-XX9Z 

temperature to development of XZ83-XX9Z 

Apanteles milHaris — 

biology of 495-508 

endoparasite of Heliophila unipunctaia 495 

function of caudal veside of 504-506 

life stages of 495-50Z 

origin of caudal veside of 504-506 

Aphis, green apple. See A phis pomi. 

Aphis — 
pomi — 

biology of 9SS-994 

diomorphic reproduction by 9I8 

distribution of 957-958 

egg stage of 960*967 

feeding habits of 983-984 

forms of 980-981 

history of 957-958 

life of stem mother d 968-970 

methods d studying 958-960 

morphology of 955*^994 

nconenclature of 956 

overlapping generations d 981-983 

sexes— 

habits d 984-^x 

lifed 984-991 

summer forms of 970-978 

spp., plan d description d 967-968 

Apparatus for Measuring the Wear d Con- 
crete Roads (paper) 95 Z -954 

Apple. See Malus. 

Arachis hypogaeo — 

composition d seed d. 1x63 

leaf spot d 89X-903 

Army worm. fall. See Laphygmafrugiperda, 
Arsenic- 

absorption d. by soil 460 

applied as spray for weeds, fate and effect 

d 459-463 

fixation reactions in sdl 461-463 

in sdl. effect d irrigation on 460-461 

Arrhonaikorutn elatms» syn. Avena eliaior. 

Ascockyta coloraio, effect d low temperature 
on 654 


Ash Composition d Upland Rice at Various 


Stages d Growth (paper) 357-364 

Asiatic Species d Gymnosporattgium Bstab- 
lished in Oregon, An (paper) zoos-xoro 
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cemtat. See Cement, asphnlt. 
effect of cootfoUable variables upon tbe 

penetration test for 805-6x8 

oil, results of needle standardization test. . xxss 

ericoideSt host plant of Comandra umbeUaUi. 134 
maercphyUus, host plant of Comandra 

umbaUata 134 

patms, host plant of Comandra umhellata. . 134 

nndulatus^ host plant of Comandra umbel- 

lata X34 

Atriplex hortmsis, host plant of Peronospora 

effma 59)67 

Anbel, C. E*. and Wentworth, E. N. (paper), 

Inheritance of Fertility in Swine XX45-XZ60 
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Capacity for Use with Freely Exposed 

Plants. An (paper) xtr-xsa 
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sis arS) 9x5 
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• on gennixiatian of various seeds. .. . xxbs-txdb 
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' xo45-’X048 

occurrence of manganese in 353 

resistance of, to alkali 39-34 

transpiration of 59s*597 

Avocado. See Per sea gratissma. 
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melonis, effect of low temperature on. ..... 654 

trackeipkilus, parasite of Cucumis satrms . . . 359 

tpphosust effect of low temperature on 654 

Bade, E. A., and Pemberton, C. E. (paper)— 
Banana as a Host Fruit of the Mediter- 
ranean Fruit Fly 793*'^ 

Effect of Cedd-Storage Temperatures upon 

the Mediterranean Fruit Fly 6s7<-666 
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natural low temperatuie on 65X-655 

on germixiatxon zi7x-xx7a 

soil- 
effect of— 

caldum sulphate on 773-774 

sulphur on 770-774 

non-spore-forming 939 

relation to crop-prodttcittg power 855-669 

shme-forming 940 

Bacterium^ 

agglutination test for in milk.... 871-675 
lodbyfaofir— 

causal organism of angular leafepot.... 4i6b-%74 

oontiolof Ata-jPt 

geUgtaphical distribution of 467 

itothkatiop and isolation of 466-467 

snoiiiimlUiy and physiology of 470^474 ^ 
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pyri zxx5-xxr9 
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continuou»>reoord X30-X33 

Ballinger. A. M., and Johnson, P. M. (paper) 
Life-History Studies of the Colorado Potato 

Beetle 9x7-906 

Banana as a Host Fruit of the Mediterranean 

Fruit Ply (paper) 793-804 

Banana. See also Musa spp. 
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umbellata X34 

Barley. SeeHorifeum. 

Bartram, H. E. (paper), Effect of Natural 
Low Temperature on Certain Fungi and 

Bacteria 651-655 
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See Phaseolus vulgaris. 

Florida velvet. See Stiedobium deermgia- 
num. 

Philippine Lyon. See Siieolobmm nheum. 

Bed, mature— 

comparaMm with ixnxnature veal 667-7x1 

digestibility of 684-708 

Beet, sugar. See Beta vulgaris. 

Beetle- 

blister. See Epunuia vittata. 
dierry leaf. See Galerucella cavicotlis. 

Colorado potato. See LeptmoUsrsa deinm- 
lineata. 

Belling, J. (paper), Inheritance of Length of 

Pod in Certain Crosses 405-400 

Berg, W. N. (paper), Biodiemical Compari- 
sons between Mature Beef and Immature 

Veal 667-71* 

Beriberi and Cottonseed Poisoning in Pigs 

(paper) 489-493 

Bsta vulgaris^ 
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effect of alkali salts on the growth of 4-6>34ff 

factors inff utndng— 

ixffection by Cermxitora ftslunla X039-X037 

stomatal movement in xoxa-xo39 

histological relations of Phema beta* to 55-58 

host plant of— 

Cercosporabeticola xoxi-1038 

Peronospora sdtaehiii 59)67 

resistance of , to alkali S3-34 

Betula— 

nigra, host plant of Comandra umbeUaia . ... *34 

populifblia, host plant of Comandra um- 

bellota *34 

Biochemical Comparisons between Mature 

Beef and Immature Veal (paper) 667-71X 

Biedogy of Apantcles militaris (paper) 49S-3e8 

Bishop, E. S., and Alway, F. J. (paper)* 
trogen Content of the Httimia of Arid Soils 909^x6 
Bituinlaoiis xnaterials, test of, new pcttfy 

tratlon needle x*3*-*xa6 

Bllsterbeetle. BeeEpieminviiiata. 

BoB weevil. - Bee ArsIksimNMat promUe. 
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l^antaand Its Effect OP Browth (paper). 8r7*6po 
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Btasstcar- 


coxnpositiou of seed of 1163 

effect of green manure on germination of. 1x63 
naPus, effect of sulphur on growth of . . . . 343^345 

nigrat host plant of Cysiopus candidus 63 

Briggs, L. J., and Shantz, H. L. (paper) — 

An Automatic Transpiration Scale of Large 
Capacity for Use with Freely Eirpoaed 

Plants xx7-i3a 

Hourly Transpiration Rate on Clear Days 
as Determined by Cyclic Environmental 

Factors 583*^50 

Brotnus leciorum, host plant Puccmia phUi- 

pfaiensis 3X3'>3X3,3X5 

Brown, P. E. (paper). Relation between Cer< 
tain Bacterial Activities in Soils and Their 

Crop-Prodttdng Power 85S'869 

Brownrot, varietal resistance of plums to. . 365-396 

Bryan, M. K., and Smith. £. F., (paper). 

Angular Leafspot of Cucumbers 465-476 

Buckner. G. Davis (paper). Translocation of 
Mineral Constituents of Seeds and Tubers 

of Certain Plants During Growth 449-458 

Buckwheat. See Fagopyrum iataricum. 


Caldum— 

carbonate, effect of, cm germinatioa of seeds. 1x70 
sulphate— 

^ectof— 


on forms of plant life 77X-780 

oa growth of higher plants 775-778 

on legume bacteria 774-775 

Calmimeter, respiration— 

air-purifying system in 305-3x0 

air-tension equalizer in.... 304-305 

descripticHi of 439-348 

improrvcd.,... 399-348 

princ4;>leof 301-303 

Canal, irrigation— 

oompatation of disdiarge of 336-331 

use of current meters in 3x7-333 


Cgimuibis saiiva — 

oompositkm of seed of 1x63 

effect of green manure on germination ofxx6a-xz66 
Capillary moisture in soils, effect of tempera- 
ture on movement of X4X-X73 

CapstOa bursa pastoris^ host plant of Cystopus 

camdUus 63,67 

Carbohydrate Transformations in Sweet Po- 
tatoes (paper) 543-560 

Carbon dioxid, effect of. on germination 1x69 

Carts sp., host plant of Comandra umbtttaia. . 134 

Carpenter. C W. (paper), Some Potato Tu- 
her-Rots Caused by Species of Fusarinm. X83-3Z0 
(Sarrero* J. O., and OUe, P. L. (paper). Ash 
Composition of Upland Rice at Varkms 

Stages of Growth..... 357-364 

Carrath, F. E.* and Withers. W. A. (paper). 
Ooiii^>ol» the Toj(ic Substance in Cotton- 
seed Meat a6i-388 

Csnansa fhnfols, host plant of Comamdra 
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CastiUeja tnmiaSa, host plant of CronarHum 


coleosporioides 781-785 

Castor bean. See Ricinus communis. 

Cations, effect on growth of TrUicutn spp. . . , 43-43 
Cats, experiments in feeding beef and veal 

to 703-70S 

Cement, asphalt- 

characteristics of 805-807 

effect of — 

controllable variables upon the penetra- 
tion test for 805-8x8 

load variations on 8x5-816 

temperature variation on 813-815 

time variations on 8x6-817 

methods of preparation for testing 807-8x3 

Cepkaloihectum roseum, effect of low tem- 
perature on 653 

CeratUts capttata — 

infestation of Musa spp. by 793-804 

effect of cold-storage temperatures upon. . 657-666 
parasite of— * 

ChrysophyUum camio 657 

M angtfera tndica 657 

Musa spp 793-804 

Per sea gratis stma 657 

presence of. in banana plantaticm 793-794 

Cercospora — 
beticola — 


cansal organism of leafspot zozz 

factors influencing infection by 1039-1037 

parasite of Beta vulgaris XOXZ-Z038 

relation of stomatal movemazt to infeo 

tionby ioir-ro38 

Personate — 

casual organism of leafspot of Arackis 

kypogaea 891-903 

control of 891-894 

damage caused by 894-895 

dissemination of 895-901 

parasite Arackis kyPogaea 891-903 


Chafdwgnathus sp., carrier of Cercospora per- 


sonata 898-899 

Cherry and Hawthorn Sawfly Leaf Miner 

(paper) 5x9-538 

Cherry leaf beetle. See Galerucetla cavicoUis. 
Ckimaphtla umbellaia, host plant of Comandra 

umbellaia X 34 

ChrysophyUum cainto, host fruit of Ceratitis 

capttata 657 

Chrysopsis mariana, host plant of Comandra 

umbellaia X 34 

Climate, relation of, to insect development. . 1x84- 

XZ85, ZZ90-ZZ9X 


Clover- 

red. See Tnfolium pratense. 

Sec Tri/oltum. 

sweet. See Mtliloius alba. 

Cold-storage temperatures, effect of, upon the 

Mediterranean fruit fly 657-666 

Coleman, D. A.. Lint, H. C., and Kopeloff. N. 

(paper). Separation of Soil Protozoa X37-X40 

Coleoptera, agency in dissemination of Cer- 
cospora personata 898-901 

CoUtlotrickum Imdemutkkmumt effect of low 
temperature on. 
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/tWa. host plant of p€rid«rmmm pyriformt, 13$ 
poitida^ host plant of Ptridermmm pyri- 

fofme * 135 

Hckordsiana, host plant of PervUrfniufn 

pyriform* SJ5 

*mb*U<aa'-^ 

host plant of Peridormium pyriform *. , . x^St sSg 

host plants of 134 

parasitism of Z33^35 

Conatbination, new. zoo6 

CompUmia p*r*grina, host plant of Comondrn 

umb*Uaia '134 

Concrete roads, apparatus for measnring the 

• wear of 95 x *954 

Cone, V. M. (paper)— 

A New Irrigation Weir 1137-1x36 

Flow through Weir Notches with Itiin 

Edges and Full Contractions zosx-ixza 

Cook, F. C. (paper), Boron: Its Absorption 
and Distribution in Plants and Its Effect 

on Growth 877-890 

Cooledge, L. H. (paper), Agglutination Test 
as a Means of Studying the Presence of 

Bacterium abortus in Milk 871-875 

Coons, G. H. (paper). Factors Involved in 
the Growth and Pycnidium Formation of 

Plenodomus fuscoxxiaculans 7x3-769 

Copper sulphate, effect on Bacterium lachry- 

474-475 

Com. Sec Zea mays. 

Cotton- 
See Cossypmm. 

wild. See Thurberia ihesPesioides. 

Cottonseed — 

kernels, toxicity of 365-366, 278-383 

meal- 

comparison with rice as a feed for pigs . . 490-493 

effect of, on breeding sows 491-493 

toxic substance in 361-288 

poisoning in pigs, relation of, to beriberi . . 489-493 

toxidtyof. 361-363,383-386 

Cowpea. See Vigna sinensis, 

Crataegus 8PP>, host plants of Prcferrusa coP 

laris 520-531 
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coUosPorwides, parasite of CastUUja mmtata . 781 

pyriform*, uiedinial form of Pertdermmm 

pyr^orm* 389 

Crop, effect of alkali salts in soils on germina- 
tion and growth of 1-33 

Crosses, inheritance of length of pod in 405-430 

Cmciferae, effect of sulphur on 343-^45 

Cucumber. See Cucumis sativus, 

Cucumts sativus — 

angular leafspot of 465-476 
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BacUlus iracheiphUus, 959 

Bacterium lackrymans 466-474 

PUumopora cubensis 959 

Cttcttribit.di8semtnatian of bacterial wilt of. 957*^80 

Curmma tonaa, absorption of boron by 879 

Current meter, use of. in irrigation canals. . 919-939 
Gnbctii. Mayxxie R. (paper). Frequency of Oc* 
carttnoeof Tumors in the Domestic Fowl 39r'^o4 
Clidal mlyarii, host plant of RetBtth 

X005 


Cylindfosporiuul%onU, effect of low tempera* 

tureon 659 

Cystepus candidus^ 

parasite Ljtpidium virgmicum 63H53, 67 

perennial mycelium in 63-63,67 

Daciylis olomerata-^ 

host plant of Puccinia pkMpraiensis 9x1-915 

Danthonia compressa, host plant of Comandra 

umbellata 134 

Diabrotica vitiata, agent in spread of bacterial 

wilt 957 

Diastase — 

in ai>ple flesh, results of tests for 109 

presence of . in apple juice xoS 

IHpsacus fuUonum, host plant of Pertmosporu 

dipsaci 59,69 

Dissemination of Bacterial Wilt of Cucurbits 

(paper) 

Distribution of the Viras of the Mosaic Dis- 
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Diuresis and Milk Flow (paper) 561-568 
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caused by— 

Fusarium eumariii 198-301 
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armsae agg 
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Endoparosite, caudal voside of.. totrpd 

Mnyirmmesit^ 
hourly traaipimtta t««0 im 

detormhttd by 

mlatiott oC. to 




Oct 4» X9f 5-Mar. X9x6 


Index 


1197 


Page 
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Ripening Process (paper) X03-X16 
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sonata 89S-899 

Eriosoma pyri, identity of xxzs-xtto 

Strata vh 

Esterase, determination of, in flesh of Malus 

sylvesirh xxi,iia 

Evaporation, ratio of transpiration to 634-637 

Experiments in the Use of Current Meters in 
Irrigation Canals (paper) 2x7-932 

Factors Influencing the Longevity of Soil 
Micro-orgaxiisms Subjected to Desiccation, 
vdth Special Reference to Soil Solution 

(paper) 937-942 

Factors Involved in the Growth and Pycni- 
dium Formation of Plenodomusfuscomacu* 

Ians (paper) 713-769 

FoffoPyrufn tatancum — 

composition of seeds of 1162 

effect of green manure on germination of. . 1162 
Fate and Effect of Arsenic Applied as a Spray 

lor Weeds (paper) 459-463 

Fertility, swine — 

inheritance of x X45-1 160 

nongenetic factors aff ecting 1x46-1x48 

Fertilizer- 

effect of, on North Carolina soils S77-sSi 

requirements, relation of. to petrography of 

North Carolina soil 569-582 

Field pea, Canada. See Pisum ar^ense. 

Firefly. See CAautiomatkus sp. 

Flax. See Lmum usitaiissimum. 

Float, surface, measurement of water velocity 

with. . 222-236 

Flow through Weir Notches with Thin 
Edges and Full extractions (paper) . . 105X-1 1 13 
Forest nurseries, disease in, caused by Pen- 

dsrn^mfilamentomm 781-785 

Fowl, domestic- 

frequency of occurrence of tumors in — 397-404 
measurement of winter cycle in egg produev 

tionof 429-437 

percentage of. affected with tumors 398 
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americana, host plant of Comandra urn- 

beiiaia 134 

vtramiona, host plant of Copfoftdra um- 

bellata X34 

Fred, E. B. (paper), Relation of Green Man- 
ures to Failure of Ortain Seedlings . . xx6i-xx76 
Frequency of Occurrence of Tumors in the 
Domestic Fowl (paper) 397-404 

Fungus- 
effect of— 


natural low temperature on 6sx-65s 

on germination of seeds 1172-X174 

Further Studies on Peanut Lreafspot 




.... 891-902 

FumriMMi— 


coarWeum— 


diagnoatic chmracteis of 

. ... 203-204 

parasite of Sotannm tuberosum 

184 

taxonomic arrangement of 

.... 203-204 

adaMVum, parasite of Sahmm tuberosum, 184 


Furarminr-Continued. Page 

discolor var. sulphureum — 

diagnostic characters of 207 

parasite Of Sotanum tuberosum, 184-185 

taxonomic arrangement of 207 

eumartii — 

cause of dryrot 198-aox 

diagnostic characters of 203-205 

taxonomic arrangement of 203-205 

gibbosum, parasite of Solatium tuberosum. . , 184 

hyperoxysporum — 

diagnostic characters of ao6 

parasite of Ipomcea batatas 189 

taxonomic arrangement of 306 

martti, parasite of Solatium tuberosum 186, 201-203 
tnontltforme, parasite of Solanum tube- 
rosum 186,301,203 


ortkoceras, parasite of Solanum tuberosum. . 184 

oxysporum, parasite of Solanum tuberosum 187-191 


radicteda — 
cause of — 

dryrot 195^196 

jelly-end rot Z94-X95 

diagnostic characters of 205-206 

taxonomic arrangement of 203 , 205-206 

rubignosum, syn. Fusartum culmorum. 
solan 1 — 

parasite of Solanum tuberosum x86, 

z88, 189, 201,203 

diagnostic characters of 203-204 

taxonomic arrangement of . .... . . 203-204 


sp. of conifers, effect of low temperature on . 652 


spp. — 

results of inoculation of Solanum tube- 
rosum with. . . 201-203 

causal organism of potato tuber-rot . . 183-210 

subutatum , parasite of Solanum tuberosum . . 184 

trichothecioides — 

diagnostic characters of 207 

ViOxaiS\\.e oi Solanum tuberosum 184, 185 

taxonomic arrangement of 207 

vasinfcctum, parasite of Solanum tube- 
rosum 186, 192-X94 

venirtcosum, parasite of Solanum tuberosum . 184 

Galerucella cavicoUis — 

control of 949 

habits of 945-948 

life history of 945-94S 

outbreaks 944. 

parasite of Prunus pennsylvanica 944 
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effect of— 
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fungi on 1172-1174 
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time of planting on 1x64-1165 
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tiou, udth Special Reference to ,8(dl Sotur 


tion * 9 « 7 * 94 S 

Qinseng* See Panax Qumctte/oimm. 

GhnmMa rufomaetUanSt effect of low tem- 
perature on 653 

(Grfycme— 

kispida, absorption of boron by 883-884 

jr<y« — 

c<mq>ositian of seeds of zx6a 

effect of green manure on germination 

of 1164-1166 

Ooat, effect of diuretics on milk flow of — 561-567 
Ooldbeck, A. T. (paper), Apparatus for Meas- 
uring the Wear of Concrete Roads 951*954 
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oomposition of seeds of zz6a 

effect of— 

fungi on germination of 1x73-1x74 

green manure on germination 1163- 

xx 67 » X170 

heat on germination of xx7o-zx7x 

temperature on germination of xi68, 

1170-X171 
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toxicity of seeds of 361-363 

yidds of, in North Carolina amis 578-580 
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extract, taxicity of 366-367 

method of— 

feeding 365, 367-370 
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occurrence of. 364-363 

oxidized, toxicity of 378-381 

post-mortem observations of, effects of ad- 
ministering 370,373-375 

precipitated, toxicity of 371-373 

properties of 364*365 

Gossypot, the Toxic Substance in Cottonseed 

Meal (paper) 361-388 

Cramineae, effect of sulphur on 345-347 


Grape, wild. See also Vitis cordifolia. 

Grasshopper, carrier xA Cercospofa Persxmata 898-900 
Green manure. See Manure, green. 
Gimmosporangium, an Asiatic species of. es- 
tablished in Oregon. xoos-ioxe 

Cyfnnosporangium — 

asiaUcum, hyponym, Gynmosporamnum 
koftaense, 

MittsdaUanum, economic importance of 1007-1008 
tckhtense, syn. Gymnosportmgmm kar^atnse. 
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Iiife*History Studies of the Colarado Potato 

Beetle (paper) 917-9*6 
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green fmits of, immunity of, to attack by 
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Parasitism of Comandra umbellata (paper) . X33-Z35 
Pathogemcity and Identity of Sclerotixxia 
libertiana and Sclerotinia smilacina on Gm- 
seng (paper) 39Z-298 
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of Peronosporaoeae to 59-70 

resting spores of 98-99 

cmnhtfra, effect of low temperature on 654 

Pierce, W. D. (paper), A Nrw Inteipretatiott 
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cautorta— 
host plant of— 

PeridermiumyUammiamm 783 

Peridermium pyriforme ^33,089^-990 

dSnforicaia— 
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pycnidium formation of ixy^ 
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* 524-526 ; 

P^runus 8 pp.hy 521-522 

l||rof. 524-526 

^*PP 5 * 0-520 

Pspp 5 * 0-520 

■Itcrmination of. In flesh of Maius 


47 r 488 

tof 48 r 487 



Pnmur— 

pmns^vmkOp boat plant of GaUmctUa 
camcaOis 944 

•pp.— 

hostxflantof— 

Afonflie app 365 

Pfofmusa 5x9-520 

Sderoimiaaini 565-366 

hyl>rids used hi experiments with brownh 

rot 560-370 

relation of tannin content of, torenstance 

toStUroim$a$pp 589-390 

resistance of, to brownrot 5697570-5851 587 

susceptibility of, to brownrot 587 

vanetalresutanoe of. to brownrot 565-596 

pMtidomimaj^ 

camp€tiris, effect of tow tempemture on 654 

radidcola^ longevity of, under varying con- 

di t jo n s 032-940 

Puecxats— 

gfammii— 

awfiw, parasite of cereals and grasses, . 2x5,115 
Aonfsx, parasite of grasses and cereals... 2x5,215 
pUiipraiensis, infection experiments with axx-ax6 
Pycnddium fomtatian in PUnodomus fusco* 
.maeulms 7*5-769 

ooiaasitmh.hostpUmtollSosshliahw^ X005 

sfasarn, host plaat of Rtmidia Aoreosw- 
Ju. X005-1006 

fiMrens— I 

alba, dtara^Qfhaaeyc!ainbheartrotin, 422-424 | 


( 2 u 2 rcwx— Continued. Page 

dtgffoto, host plant of Comandra umbeUata . . T54 

marUandica, host plant of Comandra umbels 

lata 154 

nana, host plant id Comandra tmbeUaia. ... 154 

spp.— 

honeycomb heartrot of 422-428 

host plant of— 

Peridermium Bpp 783 

Pdyporus spp 42X 

Stereum svbpHeatum 421,427-428 

Radish. See Raphanus sativus. 

Rand. P. V. (paper), Dissemination of Bac- 
terial WUt Cucurbits 257-260 

Ransom, B. H. (paper). Effects ci Refrigera* 
tion upon the lUuirae Trichinella spira- 
lis 8x9-854 

Ranunculus — 

fascicularis, host plant of Peronospbra fica- 

riae 50/ 64, 67 

ficaria, host plant of Peronosporaficariae . . . 64,67 
Rape. See Brassica napus. 

Raphanus sativus — 

absorption of boron by 88s 

effect of sulphur on growth of 342-245 

Record, autographic transpiration 128-130 

Reeve, C. S.. and Pritchard, P. P. (paper), 

A New Penetration Needle for Use in Test- 
ing Bituminous Materials ixax-xx26 

Refrigeration, effect of, upon larvae of Triehi- 

nella spiralis 819-854 

Relation between Certain Bacterial Activities 
in Soils and Their Crop-Produdng Power 

(paper) 855-869 

Relation between the Properties of Hardness 
and Toughness of Road-Building Rode 

(paper) 905-907 

Relation Green Manures to the Pailnre of 

Certain Seedlings (paper) xi6x-xx76 

Relation of Stmnatal Movement to Infection 

by Cercospora betioola (paper) xoxr-xosS 

Relation of Sulphur Compounds to Plant 

Nutrition (paper) 233-250 

Resistance, varietal, of pluxns to brownrot. . 565-596 
Respiration-- 
calorimeter- 

conditions affecting and measurement of 

heat in 5*5-342 

improved 299-348 

test of accuracy of 544-546 

chamber, construction of 302-504 

Respiratian Experiments with Sweet Pota- 
toes (paper) 509-5*7 

Respiratory exchange in re^xiration chamber, 

determixiation of 504-5x4 

Rkizocionia sp. — 

effect of, on gennination zx73-xx74 

parante ctf 5 ofawwiu h<6«f oxsini x86, 202,202 

Rhiaopus nigricans, parasite of Solamtm tu- 
berosum,.. 283 

Rhus coPsMma* host {dant of Comandra urn- 

bdUaia X 54 

Rice— 

polidied, effect of fecxBng to pigs 490-492 

See also Oryga satna. 

upland. ashcontpoeitiQn of, atvariousstages 

of growth 357 

^fctMWr commsmtr, composition of seed of... 2x62 
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Pw 

Riperot, occufrenoeo{,ltiPmiMe^spp 368-389 

Road, concfete, apparatus for measuring t|i« 

wear of 95z*P54 

Roastjn3:-«ar woxtti. See H$liotku ahsoUta* 

Rodk, ]t>ad 4 >uildine>~ 
relation between the properties cdf hardness 

and tous^mess of 903-9^7 

tests df... 903-907 

Roestelut’^ 
korgomsis^ 
occurrence of— 

in America. xoo4-too6 

in Japan 1004 

in Oregon 1005-1006 

parasite of— 

Cydcnia vulifoHs X005 

Pyrussinmsis 1003-1006 

releLti<maittoGymnosPorangmmkorMense. 1004- 

X006 

pkatmias, syn, Gymnosporanffiutn phoUniae. 
Rommel. G. M., and Vedder, £. B. (paper), 
Beriberi and Cottonseed Poisoning in Pigs. 489- 

493 

Rootrot. occurrence of, in Panax qum^uefo- 

Imm i8i-x8a 

Pojo— 

blanda, host plant of Comendra umbeUata . . . 134 

canma, host plant of Comandra umbdlaia . . . 134 

Rosenbaum, J. (paper). Pathogenicity and 
Identity of Sclerotinia libertiana and Sclero- 

tinia smilacina on Ginseng 391-398 

Rosenbaum, J., and Zinnsmeister, C. I., (par 
per), Altemaria panax. the Cause of a Root- 

rot of Ginseng xSx-x8a 

Rot- 

brown, varietal resistance of plumsto ... 365-396 

dry, caused by Fusarium spp 195-301 

field and storage, occurrence of. in Solan%m 

tuberosum 187-301 

heart — 
honeycomb — 

distxibutian df 437-438 

occurrence of, in Quercus spp 43r'’43B 

resemblance toother rots.. 424-485 

pocketed. See Honeycomb heartrot. 
ielly-end, caused by Fusarium radicicola . 194-195 

ripe, occurrence of, in Prunus spp 388-389 

root, occurrence of, in Panax qumquefoiium , 181- 

183 

white, occurrence of, in Panax quPnque^ 

foltum 391-994 

Rubus^ 

canadensis, host plant of Comandra umbd- 

lata 234 

procumbens, host plant of Comandra nm* 

bellata 134 

viUosus, host plant of Comandra umbeUaia.. 134 
jfS^imas acetosa, host plant of Peronospora 

r^mieh 67 

Rust, timothy. Sat PucckUa phleipratens*. 

Rye. SttS^oale cereale. 

Salt, toils* effect of, ongermhiatfan 

and jpYTUth of crops s^ 

Saudly IM ufiuer. See profennsa caUasit, 

Scale, idtMstle tianspiraticni, descriptloii 

* 


Sderoltuia— Page 

ekurea^ 

effect of low temperature on...... 653 

jMixasite of Pfuma spp 365^366 

toxicity of fruit adds to 388 

frueUgma, parasite of Prunus spp 366 

/am, parasite of Prunus app............. 365-366 

iiberiiona—’ 


identity of 391-398 

pathogenidty of 991-398 

smUacma — 

identity of 091^396 

pathogenidty of 

spp.— ^ j , . 

parasite of Mains spp 

pathological relations of ^ 

physiological rdatioas 

relation of tannin content of, to tesis 

of Prunus spp 

taxonomy of ' Qfi ^ 

Scurf of Ipomoea batatas^ 

appearance of ' 

infury caused by 78, i 

occurrence of 995-*-... 

distribution of 787 

Secale cereals — 


host plant of Puccinia phleipraUneis six-sxa 

occunence of manganese in 353 

transpiration of 603-607 

Seed- 


effect of green manures on germination of. . xx6x- 

X165 

cal, relation of green manure to in jury of.... 1x74 

Separatiem of Soil Protozoa (paper) 137-140 

Serious Disease in Forest Nurseries Caused 
by Perideemium filamentosum, A (par 

per) 78*-78 s 

Sbantz, H. I,., and Briggs, I#. J. (paper)— 

An Automatic Transpiration Scale of 
Large Capadty for Use with Fredy Ex- 
posed Plants H7-133 

Hourly Transpiration Rate on Clear Days 
as Determined by Cyclic Environmental 

Factors..... s83~<S5o 

Shedd, O. M. (paper). Variations in Mineral 
Composition of Sap, Leaves, and Stems of 
the Wild-Orape Vine and Sugar-Maple 

Tree 5*9-542 

Sisynd}rium offictnale^ host plant of Cystopus 

candidus 63 

Smilacina racemosa^ results of inoculation 

vrittL Sclerotinia smUaeina 395-296 

Smith, E. F., and Bryan, M. KL (paper). 
Angular X^eafspot of Cucumbers. ........ 4^^5-476 

ffodium— 

effect of, on milk flow... 562-563# S^S-566 

arsenite, effect of, on plant growth 459-460 

salts, effect of, on plant growth......... 5>ta,i5ff 

Sail— 

arid, nitrogen content of humus of 909^16 

bacteria— 

effect of caldttUi sttipluite on 772-774 

effectof sulphur on., 772-774 

f actors Influenduglottgcvity of........ 927-942 

non- 4 ipcu«^orjBffag,,. 939 

reladceid,tocropiUU(Mbttgp6i^ 855-669 

sHspe^ontiifig.^. 949 

md^ie, of appilmtus for de« 

x4^S4i’ 
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doiWkmtmttttd. Page 

conditioni, eff^ of . cm protoacoa 479-'48s 

dfectof— 

alkaU wlu in, cm gemiiiiatioii and grofwth 

of crops 1-53 

Vigna nnetwir cm properties of 443-447 

heCerogeiteity of. in variety tests, metliod 

of correcting for 1039^x050 

North Carolina-- 

niineralogical oompositum of 571-580 

relation of petrography of, to fertilizer re- 
quirements 569-582 

v^ds of Gossypium spp. cm 578-580 

' ' '^.'fefspnalysis of 14 

rof 477-488 

ion of X37-X40 

a of, influence of growth of Vigna 

fiscal 439-448 

, ^ \ effect on germination 1167 

M^^pcratures as Influenced by Cnltural 

ds (paper) 173-179 

l^ttsal organism of 998 

effect of, cm ipomoea batatas 996 

factors favorable to development of 996 

symptoms of 996 

SoUstam, or Scurf, of the Sweet Potato 

(paper) 995 -*<»a 

Saga max. See Glycine. 

SoUnmmr- 

josminoidet, host plant of LeptinoUtrsa ds- 

eemlineata 917 

$Mberosum'^ 

absorption of boixm by 879-884 

analytisof 457-458 

growth of myodium of Pkytophthora in- 

festans in 74-80 

hibernation of Phytopkfkora infesians in. 7X-X03 
host plant of— 

Fusarmmspp 183-203 

LeptinoUusa decemlit^aia 9x7-936 

Pkytopktkora infestans . . . 59,66,67, 71-xoa, 183 

Rkixopus ntgricans 183 

SPorotrickum ^vissimum z86 

VerticiUium alba-atrum x86 

infecticm of, by conidia <d Pkytopktkora 

infesians 85-87 

inoculation of, with Fusormm spp 201-203 

relation d progeny of, to Pkytopktkora in- 
fesians in parent tuber 93-96 

translocaticm of mineral ccmstituents of . 457-458 
Solar radiation . relation of. to transpiration . 63 x-634 
Sofidago— 

hkohr, host plant of Comandra umbdlata . . 134 

eosna, host of plsnt of Comandra umMlata, 134 
iuNOM* host plant of Comandra umbellata . . 134 

immor(dis,hoatp}smtdComandra»mb 4 laia. 134 
sPadosa, host plant of Comandra nmbeltata. X34 
Some Potato Thber»Itota Caused by Special 

of Fusarium (paper) x8s-sxo 

Sorghum. See A ndropopon sorghum. 

Soybean. SeeGfyetns. 

8ped«a,new sq4,466 

Sphamopsis molonmi, effect of low tempera- 

,^jtiireott.., 632 

Spmaeia aUracta, host plant of Prronospora 

\ gffbw* 59,67 

S^tm saftdfitNa, host plant of Comandra 

U4 


Page 

Spore, resting, of Pkytopktkora infestans 98^ 

Sporotrichum fiwissimnm^ parasite of Sola* 

num tuberosum t86,20X'-303 

Spray- 

advantage of fineness in xx79-zx8o 

advantage of uniformity in xx79-x x8o 

flat, advantages of xx79 

production of ! 1x77-1x79 

variations in fineness of xx8o 

nozzle, new ii77-xx8a 

adjustment of xx8x 

use of % xxSx 

Stakman. E. C.. and Jensen. I*, (paper) Infec* 
tion Experiments with Timothy Rust. . . 2xx-3x6 
Star-apple. See Ckrysopkyltum cainlo. 

Steenbock, H. (paper), Diuresis and Milk 

Flow S6X-568 

Stellarta media, host plant of Peronospora 

alstnearwm 59,67,68 

Siereum subpileatum — 

causal organism of hemeyoomb heartrot. . 43x-4a8 

descriptum of sporophcMO of 436 

distribution of 437-428 

Sttzolobium — 

deerrngtanum, effect of crossing on length of 

pod 405-420 

ntveum, effect of crossing on length of pod . 405-420 
Stoma, movement of — 

factors influencing 10x2-1029 

relation of, to infection by Cercospora beti- 

cola XOXX-X038 

Sugar- 

beet. See Beta vulgaris. 
effect of— 

on axnmonificatiott 1x69 

on carbon-dioxid evolution x 169-1 x 70 

maple. See Acer sacckarum. 

Sulphur — • 

effect of, on growth of plants. . . - 771-780 

compounds, relation of, to plant ^ , 

tion 233 ~as^ 

Sunflower. Sec Helianihus annuus. 

Surface. F. M., and Pearl, R. (paper), A 
Method of Correcting for Soil Heterogeneity 

I in Variety Tests X039-XOSO 

{ Surface floats, measurement of water velocity 

with 332-226 

Sweet potato. See Ipomoea batatas. 

Sweet-Potato Scurf (paper) 787-791 

Swine- 

deviations per generation in size of litter 

in 1x50, XX54 

fertility in, xiongenetic factors affecting. XX46-1X48 
value of herdbook data XX48-XX49 

individual evidences of segregation in. xx 54-1x55 

inhoitance of fertility in ix45-x x6o 

litter frequency in X149-XX58 


Tannase, determination of, in Molus sylves- 

iris Ill 

Taubenhaus. J. J. (paper), Soilstain, or Scurf, 

of the Sweet Potato. 995-1002 

Temperature— 

cold-storage, effect of, on CrraHtis capitata . bs’fPbb 
effect of, on movement of water and vapor, 

and capillary moisture in soils zar-xra 

*effecitive, in insect devdofunent 1185-1198 
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Temperature— Continued. Page 

effect of, on germination of plants 1168 

influence of, on growth of mycelium of Phy- 

tophthora infestans 77-80 

low effect of, on certain fungi and bacteria . 651-655 
relation of — 

to insect development 1183-1191 

to spread of mycelium of Phvtophthora 
infestans in Solarium tuberosum 73 
soil — 

as influenced by cultural methods. . 173-179 

effect of different cultural methods, . . . 1 74-1 79 
Termtnalta catappa, host fruit of Cerahtts cap- ' 
itaia .... . . . 659 

Thatcher, R W. (paper), Enz^uns of Apples 
and Their Relation to the Ripening 
Prot'css. 103-116 

Thurberia ihcspesiotdvs, host iilant of Anfhi*- 
nvmus grandts .. . 1189-1190 

Timothy rust See Pucctnm phlcipraicnsts 
Tomato. Sec Lyiopersjcon < iculcntum 
Tottingham, W E , and Hart. K, B (paper). 
Relation of Sulphur Compounds to Plant 
Nutrition 213-250 

Tower, Daniel O (paper). Biology of Apan- 

"■cles mililaris 495-508 

.anslocation of Mineral Constituents of 

Seeds and Tubers of Certain Plants During 

Growth (paper) ... . 449-458 

Transpiration — 

plant, measurement of 583-585 

relation ol- 
io environmental factors 637-646 

to evaporation 634-6 ? 7 

to solar radiation . 63i-6}4 

graphs, comparison of 627-631 

rate, hourly, on clear days as determined 
by cyclic environmental factors . . 583-650 

scale, automatic, for use with freely ex- 
posed plants . 117-132 

Tremella ,l<.>teaens£ Syn. Gymnosporan- 
gtthn koreaense. 

Trichinae. Gee Trickmclla spiralis, 

Tnchtnella sptralts — 
effect of — 

artificial digestion upon 847-850 

refrigeration upon larvae of 8x9-854 

refrigeration upon vitality of 817-845 

variations in vitality of 845 

Trtchogramma minulum, parasite of Prnfenusa 

collarts 526-527 

Trt folium — 

pretense, effect of sulphur on growth of 239- 

24x1778-779 

spp — 
effect of — 

on ammonification 1169 

on carbon-dioxid evolution 1169-1170 

on germination of various seeds . . . 1 x6i-x z66 

Trtiicum — 

aestivum, effect of alkali salts on growth of. . 4-zx 

dicoccum, occurrence of manganese in 353 

satiroum — 

composition of seeds of 1162 j 

effect of green manure on germination of. 1163 
8pp.— 

absorption of boron by 880, 883 


Tri/icttw—CJontinued. Page 

spp. — Continued. 

method of correcting for yield of 1042, 

1044-1045 

occurrence of — 

iron in 3S3 

manganese in 349-355 

resistance of, to alkali , 22-24 

vulgare, inoculation of, with Pucemia phlet- 

PraUnsts . 211-212 

Tuber-rot, occurrence of, Solanum tuberosum i K3-2 10 
Tumors in domestic fowl — 

frequency of occurrence of 397-404 

structure and location of 400-403 

Turmeric See Curcuma longa. 

Turner, W. F , and Baker, A. C (paper), 
Morphology and Biology of the Green 

Apple Aphis 95 $*i ;>94 

Two New Hosts for Peridemiiuni pyriforme 
(paper) 289-290 

Urea, effect of, on milk flow 563-566 

Fofcmittm — 

airococcum, ho.st plant of Comandra ttm- 
hellafa . . . . . 134 

nigrum, host plant of Comandra umhellata 134 
vanUavs , host plant of Comandra umln llaia . 134 

Valleau, \V D (paper). Varietal Resistance 
of Plums to Brow'o-Rot 365-396 

Vapor, water, effect of temperature on move- 
ment of, m soils 141-172 

Variations m Mineral Composition of Sap, 
heaves, and Stems of the Wild-Grape Vine 
and Sugar-Maple Tree (paper) , . 529-542 

Varietal Resistance of Plums to Brown-Rot 
(paper) 365-396 

Variety tests, a method of correcting tor soil 
heterogeneity in . . . 1039-1050 

Veal, immature — 

comparison w’lth mature beef 667-711 

digestibility of ... 084-708 

Vedder, E B., and Rommel, G. M. (paper). 
Beriberi and Cottonseed Poisoning in Pigs 489-493 
Velvet bean, P'lorida. Sec Slizolobium deer- 
tngtanum. 

Venturia tnegualn, effect of low temperature 
on ... ... 65a 

Venmira lederatJoUa, host plant of Perono- 

spora grura ... 59,67,68 

Verticals, effect of varying numbers of, on 
the accuracy of current meter gaugings . 226-231 
Vertuilhum albo-afrum, parasite of Solanum 

iuf}erflsum 186,201-203 

Vtcta scpium, host plant of Peronospora 

vtciac 59-64,65,67 

Vtgna sinensis — 

obsoriiticm of boron by 881 

effect of growth of, upon soil 439”448 

influence of growth of, upon properties of 

soil , . 439*448 

Vitis — 
cordifolta — 
composition of — 

leaves 536-538 

sap of 539*535 

stemsof. • • 536-538 

variations in mineral composition of . $29-54^ 
viuffera, host plant of Plasmopora vtitcola . 67 
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Water maple. See Acer sacchartnum. Page 

Water vapor in soils, effect of temperature on 

movement of 141-172 

Weed, fate and effect of arsenic on 4S9“4<>3 

Weekly publication, announcement of ... . i 

Weir, J. R.. and Hubert, E. E. (paper), A 
Serious Disease in Forest Nurseries Caused 

by Peridermium iilamcntosum 781-785 

Weir- 
box — 
effect of — 

shape on discharge of 1129 

S 17 C on discharge of 1129 

discharge formula for 1135-1136 

new irrigation 1127-1143 

atlvantagcs of 1143 

construction of 1141-1143 

di,schargc Irom 1137-1139 

experimental and computed discharges 

from 1139-1141 

use of 1141-1143 

notch — 

Cipolletli, flow through . . . 1073-1082 

circular, flow through . . 1088 

edges, requirements of, for free flow 10K8-1090 
flowthrough , . . . 1051-1113 

effect of contractions upon i09i-i09<S 

measuiemeut of head in 1090-1091 

relation of notch length to. . 1098-1101 

rectangular, flow through , . 1063-1073 


Weir — Continued. Page 

notch— continued 

.submerged, flow through 1101-X106 

triangular, flow through . 1083-1088 

Wentworth, E N., and Aubel, C. E. (paper), 
Inheritance of Fertility m Swine. , 1145-1160 
Wheat, Sec* Triticum. 

Wilson, views on perpetuation of Phytophlhora 
mfeslans . , . - 97 

Wilt, bacterial, of cnicnirhit^, disscrainqtion 

of , . . 257-260 

Withers, W. A., and Carnith, F. K. (jjaper) 
Gossypol. the Toxic Substance in Cotton- 
seed iMcal . , 261-3188 

Wolf. F. A. (paper), Further Studies on I*ea- | 
nut Leaf spot , 891-^2 

Woochcorth, C. W. (paper), A New Spray 
Koz/le . , . 11 77-1 1^2 

Zea mays — [ . 

absorption of boron b> .... 884 

composition of seeds and seedlings of 456-457, 1162 
effect of — 

alkali salts on growth of 23(1 

green manure on germinal ion of 1 162, 1 165-1166 
translocation of mineral constituents of 45S’'457 
occurrence of manganese in . ... 353 

resistance of. to alkali . 22-24 

Zmnsmeister, C I, , and Rosenbaum, J 
(paper), Alicmana panax, the Cause of a 
Rootrot of Ginseng . . . i8i-i8a 
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